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(57) It is an object of the Invention to record or re- 
produce infomnation through the use of holography, at- 
tain a small configuration of the optical system for re- 
cording or reproduction, and improve the &/N ratio of 
reproduced infomnation. 

For recording infomiation, a phase spatial light 
modulator (44) generates information light that is spa- 
tially modulated in phase based on information to be re- 
corded, and recording-specific reference light, to irradi- 
ate an infomnation recording layer (3) of an optical infor- 
mation recording medium (1) with the same so that the 



information is recorded on the information recording lay- 
er (3) in thefomi of an interference pattern resulting from 
interference between the information light and the re- 
cording-specific reference light. For reproducing the in- 
formation, the information recording layer (3) is Irradiat- 
ed with reproduction-specific reference light, and then 
reproduction light thereby generated from the informa- 
tion recording layer (3) is superimposed on the repro- 
\ duction-specif ic reference light to generate composite 
light. This composite light is detected by a photodetector 
(45) to reproduce the Information. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an optical In- 5 
formation recording apparatus and nfiethod for recording 
Infomiatlon on an optical Information recording medium 
through the use of holography, an optical information re- 
producing apparatus and method for reproducing infor- 
mation from an optical infonnation recording medium io 
through the use of holography, and an optical infonna- 
tion recording^reproducing apparatus and method for 
recording Infonnation on an optical infomiation record- 
ing medium and reproducing the infonnation from the 
optical information recording medium through the use is 
of holography. . 

BACKGROUND ART 

[0002] Holographic recording for recording informa- 20 
tion on a recording medium through the use of hologra- 
phy is typically perfomned by superimposing light that 
carries image infomiation on reference light within the 
recording medium and by writing a resultingly generated 
Interference pattem onto the recording medium. For re- 25 
producing the infonnation recorded, the recording me- 
dium is inBdiated with reference light so that the image 
information is reproduced through diffraction derived 
from the interference pattem. 

[0003] Recently, volume holography, or digital volume 30 
holography in particular, has been developed and is at- 
tracting attention in practical fields for ultra-high density 
optical recording. Volume holography is a method for 
writing a three-dimensional interference pattem by mak- 
ing positive use of a recording medium in the direction 35 
of thickness as well, and is characterized in that an in- 
crease in thickness can enhance the diffraction effbien- 
cy and a greater recording capacity can be achieved by. 
employing multiplex recording. Digital volume hologra- 
phy is a computer-oriented holograph^ recording meth- 40 
od which uses the same recording medium and record- 
ing method as with the volume holography, whereas the 
image information to be recorded is limited to binary dig- 
ital patterns. In the digital volume holography, analog im- 
age infonnation such as a picture is once digitized and 45 
developed into two-dimensional digital pattem infonna- 
tion, and then It is recorded as image information. For 
reproduction, this digital pattem information is read and 
decoded to restore the original image infonnation for 
display. Consequently, even If the SN ratio (signal-to- so 
noise ratio) in the reproduction is somewhat poor, differ- 
ential detection and/or error correction on encoded bi- 
nary data enable to reproduce the original infonnation 
with extremely high fidelity. 

[0004] Now, in a conventional optbal Infonnation re- ss 
cording/reproducing method for recording and repro- 
ducing information through the use of holography, infor- 
mation light is generated by spatially modulating the in- 



tensity of light based on the infonnation to be recorded, 
and, an interference pattem resulting from interference 
between this infonnation light and recording-specific ref- 
erence light is recorded on a recording medium, to 
thereby record the information. To reproduce the Infor- 
mation thus recorded, the recording medium is irradiat- 
ed with reproduction-specific reference light. This repro- 
duction-specific reference light is then diffracted by the 
interference pattern to generate reproduction light cor- 
responding to the infonnation light. Like the information 
light, this reproduction light is light that is spatially mod- 
ulated in Intensity. 

[0005] By the way, the conventional optical infonna- 
tion recording/reproducing method has had a problem 
that the reproduced infonnation deteriorates in S/N ratio 
if the reproduction-specific reference light is also inci- 
dent on a photodetector for detecting the reproduction 
light. For that reason, for the conventional optical infor- 
mation recording/reproducing method, the infonnation 
light and the recording-specific reference light are in 
most cases allowed to be Incident on the recording me- 
dium with a predetennined angle therebetween at the 
time of recording, so that the reproduction light and the 
reproduction-specifb reference light can be spatially 
separated from each other at the time of reproduction. 
Consequently, the reproductk>n light, whk;h occurs at 
the time of reproduction, travels at a predetennined an- 
gle with respect to the reproduction-specific reference 
light. This allows the reproduction light and the repro- 
duction-specific reference light to be spatially separated 
from each other. 

[0006] Nevertheless, when the information light and 
the recording-specific reference light are allowed to be 
incident on the recording medium with a predetennined 
angle therebetween at the time of recording so as to 
spatially separate the reproduction light and the repro- 
duction-specific reference light from each other at the 
time of reproduction as described above, there arises a 
problem that the optical system for recording and repro- 
duction becomes greater in size. 

DISCLOSURE OF THE INVENTION 

[0007] It is an object of the invention to provide an op- 
tical infonnation recording apparatus and method, an 
optical information reproducing apparatus and method, 
and an optical information recording/reproducing appa- 
ratus and method for recording or reproducing informa- 
tion through the use of holography, which allow a small 
configuration of the optical system for recording or re- 
production, and an improved S/N ratio of reproduced In- 
formation. 

[0008] An optical infonnation recording apparatus of 
the invention is an apparatus for recording infonnation 
on an optical infonnation recording medium having an 
infonnation recording layer on which infonnation is re- 
corded through the use of holography. The apparatus 
comprises: 
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information light generating means for generating 
information light by spatiaily modulating a phase of 
light based on infonnation to be recorded; 
recording-specific reference light generating 
means for generating recording-specific reference 
light; and 

a recording optical system for Irradiating the Infor- 
mation recording layer with the infonmatlon light 
generated by the infomnation light generating 
means and the recording-specific reference light 
generated by the recording-specific reference light 
generating means so that the infomnation is record- 
ed on the Infomnation recording layer In the fomn of 
an Interference pattern resulting from interference 
between the infomnation light and the recording- 
specific reference light 

[0009] According to the optical infomnation recording 
apparatus of the invention, infomnation is recorded on 
the Infonmatlon recording layer of the optical infomnation 
recording nnedium by using the infomnation light that is 
spatially modulated in phase based on the information 
to be recorded, and the recording-specific reference 
light. 

[0010] In the optical information recording apparatus 
of the invention, the recording optical system may per- 
fomn the irradiation with the Infomnation light and the re- 
cording-specific reference light on the same side of the 
infomnation recording layer so that the infomnation light 
and the recording-specific reference light are arranged 
coaxially. 

[001 1] In the optical infonnation recording apparatus 
of the invention, the infomnation light generating means 
may set the phase of the light after the modulation at 
either of two values, or any of three or more values. 
[0012] In the optical infomnation recording apparatus 
of the invention, the recording-specific reference light 
generating means may generate the recording-specific 
reference light that Is spatially modulated in phase. In 
this case, the infomnation light generating means may 
spatiaily modulate the phase of the light in accordance 
with a phase modulation pattem determined based on 
the information to be recorded and a phase modulation 
pattem of the recording-specific reference light. 
[0013] The optical infomnation recording apparatus of 
the invention may further comprise a flying-type head 
body that accommodates the infomnation light generat- 
ing means, the recording-specific reference light gener- 
ating means and the recording optical system, and flies 
over the optical infomnation recording medium. 
[001 4] An optical infomnation recording method of the 
invention is a method for recording information on an 
optical Infomnation recording medium having an infor- 
mation recording layer on which infomnation is recorded 
through the use of holography. The method comprises: 

the step of generating infomnation light by spatially 
modulating a phase of light based on infomnation to 



be recorded; 

the step of generating recording-specific reference 
light; and 

the recording step in which the information record- 
5 Ing layer is irradiated with the infomnation light and 
the recording-specific reference light so that the in- 
formation is recorded on the Infomnation recording 
layer in the fomn of an interference pattern resulting 
from Interference between the infomnation light and 
the recording-specific reference light. 

[0015] According to the optical Infomnation recording 
method of the invention, Infomnation Is recorded on the 
infomnation recording layer of the optical infomnation re- 
cording medium by using the infomnation light that is 
spatially modulated in phase based on the infomnation 
to be recorded, and the recording-specific reference 
light. 

[0016] In the optical infomnation recording method of 
the invention, in the recording step, the irradiation with 
the infomnation light and the recording-specific refer- 
ence light may be performed on the same side of the 
infomnation recording layer so that the information light 
and the recording-specific reference light are an^anged 
coaxially. 

[0017] In the optical infomnation recording method of 
the invention, in the step of generating the infomnation 
light, the phase of the light after the modulation may be 
set at either of two values, or any of three or more val- 
ues. 

[0018] In the optical information recording method of 
the invention, the step of generating the recording-spe- 
cific reference light may generate the recording-specific 
reference light that is spatially modulated in phase. In 
this case, in the step of generating the infomnation light, 
the phase of the light may be spatially modulated in ac- 
cordance with a phase modulation pattem determined 
based on the infomnation to be recorded and a phase 
modulation pattem of the recording-specific reference 
light. 

[0019] An optical Infomnation reproducing apparatus 
of the invention is an apparatus for reproducing infor- 
mation through the use of holography from an optical 
infomnation recording medium having an infomnation re- 
cording layer on which information is recorded in the 
form of an interference pattem resulting from interfer- 
ence between information light thiat Is spatially modulat- 
ed in phase based on information to be recorded, and 
recording-specific reference light. The apparatus com- 
prises: 

reproduction -specific reference light generating 
means for generating reproduction-specific refer- 
ence light; 

a reproducing optical system for irradiating the in- 
fonnation recording layer with the reproduction- 
specific reference light generated by the reproduc- 
tion-specific reference light generating means, col- 
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lecting reproduction light that is generated from the 
infonnation recording layer irradiated with the re- 
production-specific reference light, and generating 
composite light by superimposing the reproduction 
light on the reproduction-specific reference light; 5 
and 

detecting means for detecting the composite light 
generated by the reproducing optical system. 

[0020] According to the optical information reproduc- 
ing apparatus of the invention, the inf onmatlon recording 
layer of the optical infomiation recording medium is ir- 
radiated with the reproduction-specific reference light, 
so that the reproduction light is generated from the in- 
fonnation recording layer. The reproduction light is light 
that is spatially modulated in phase according to the in- 
formation recorded. The reproduction light Is superim- 
posed on the reproduction-specific reference light to 
generate the composite light. The composite light is light 
that is spatially modulated in intensity according to the 20 
infomnation recorded. The information is reproduced by 
detecting the composite light. 

[0021] In the optical Information reproducing appara- 
tus of the invention, the reproducing optical system may 
perfomi the in^dlation with the reproduction-specific ref- 25 
erence light and the collection of the reproduction light 
on the same side of the infomnation recording layer so 
that the reproduction -specific reference light and the re- 
production light are arranged coaxial ly> 
[0022] In the optical information reproducing appara- 30 
tus of the invention, the reproduction-specific reference 
light generating hieans may generate the reproduction- 
specific reference light that Is spatially modulated in 
phase. 

[0023] The optical infomnation reproducing apparatus 35 
of the invention may further comprise a flying-type head 
body that accommodates the reproduction-specific ref- 
erence light generating means, the recording/reproduc- 
ing optical system and the detecting means, and flies 
over the optical infomiation recording medium. ^ 
[0024] An optical infomiation reproducing method of 
the invention is a method for reproducing infomiation 
through the use of holography from an optical Infomia- 
tion recording medium having an infomiation recording 
layer on which infomiation is recorded in the fonm of an ^ 
interference pattern resulting from interference between 
information light that is spatially modulated in phase 
based on information to be recorded, and recording- 
specific reference light. The method comprises: 

50 

the step of generating reproduction-specific refer- 
ence light; 

the reproducing step In which the information re- 
cording layer is irradiated with the reproduction- 
specific reference light, reproduction light that is S5 
generated from the information recording layer in^a- 
diated with the reproduction-specific reference light 
is collected, and composite light is generated by su- 



perimposing the reproduction light on the reproduc- 
tion-specific reference light; and 
the step of detecting the composite light. 

[0025] According to the optical infomiation reproduc- 
ing method of the invention, the infomiation recording 
layer of the optical Information recording medium Is Ir- 
radiated with the reproduction-specific reference light, 
so that the reproduction light is generated from the In- 
fomiation recording layer. The reproduction light is light 
that is spatially modulated in phase according to the in- 
fonmation recorded. The reproduction light is superim- 
posed on the reproduction-specific reference light to 
generate the composite light. The composite light is light 
that Is spatially modulated in Intensity according to the 
infomiation recorded. The Infomiation is reproduced by 
detecting the composite light. 

[0026] In the optical information reproducing method 
of the invention, in the reproducing step, the irradiation 
with the reproduction-specific reference light and the 
collection of the reproduction light may be performed on 
the same side of the information recording layer so that 
the reproduction-specific reference light and the repro- 
duction light are arranged coaxially. 
[0027] In the optical Information reproducing method 
of the invention, the step of generating the reproduction- 
specific reference light may generate the reproduction- 
specific reference light that is spatially modulated in 
phase. 

[0028] An optical Information recording/reproducing 
apparatus of the invention is an apparatus for recording 
infonnnatlon on an optical infomiation recording medium 
having an infonnation recording layer on which infomna-^ 
tion is recorded through the use of holography, and for 
reproducing the infomrtatlon from the infomiation record- 
ing medium. The apparatus comprises: 

information light generating means for generating 
infomiation light by spatially modulating a phase of 
light based on infonnation to be recorded; 
recording-specific reference light generating 
means for generating recording-specific reference 
light; 

reproduction-specific reference light generating 
means for generating reproduction -specific refer- 
ence light; 

a recording/reprodudng optical system for irradiat- 
ing the infomiation recording layer with the informa- 
tion light generated by the infonnation light gener- 
ating means and the recording-specific reference 
light generated by the recording-specific reference 
light generating means when recording Infonnation 
so that the infonnation is recorded on the informa- 
tion recording layer in the fonn of an interference 
pattern resulting from interference between the in- 
formation light and the recording-specific reference 
light, and irradiating the infomiation recording layer 
with the reproduction-specific reference light gen- 
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erated by the reproductionrspecrfic reference light 
generating means, collecting reproduction light that 
Is generated from the Infomnation recording layer ir- 
radiated with the reproduction-specific reference 
light, and generating composite light by superim- 
posing the reproduction light on the reproduction- 
specific reference light when reproducing Informa- 
tion; and 

detecting means for detecting the composite light 
generated by the recording/reproducing optical sys- 
tem. 

[0029] According to the optical infomnation recording^ 
reproducing apparatus of the invention, in infomnation 
recording, infomnation Is recorded on the Infomnation re- 
cording layer of the optical infomnation recording medi- 
um by using the Infomnation light that is spatially modu* 
lated in phase based on the information to be recorded, 
and the recording-specific reference light. In infomiation 
reproduction, the infomnation recording layer of the op- 
tical infomnation recording medium is in^adiated with the 
reproduction-specific reference light, so that the repro- 
duction light is generated from the infomnation recording 
layer. The reproduction light is light that is spatially mod- 
ulated in phase according to the information recorded. 
The reproduction light is superimposed on the reproduc- 
tion-specific reference light to generate the composite 
light. The composite light is light that is spatially modu- 
lated in intensity according to the infomnation recorded. 
Infomnation is reproduced by detecting the composite 
light. 

[0030] In the optical information recording/reproduc- 
ing apparatus of the invention, the recording/reproduc- 
ing optical system may perform the irradiation with the 
infomnation light, the recording-specific reference light 
and the reproduction-specific reference light and the 
collection of the reproduction light on the same side of 
the infonnation recording layer so that the information 
light, the recording-specific reference light, the repro- 
duction-specific reference light and the reproduction 
light are arranged coaxially. In this case, the information 
light generating means, the recording-specific reference 
light generating means, and the reproduction-specific 
reference light generating means may respectively gen- . 
erate the information light, the recording-specific refer- 
ence light, and the reproduction^ecific reference light 
that are linearly polarized in the same direction; and the 
recording/reproducing optical system may have: a quar- 
ter-wave plate for converting the information light and 
the recording-specific reference light from first linearly 
polarized light to circularty polarized light to irradiate the 
infomnation recording layer with the same, and convert- 
ing the reproduction light generated from the infomnation 
recording layer from circularly polarized light to second 
llneariy polarized light whose direction of polarization is 
orthogonal to that of the first linearly polarized light; and 
a polarization separation optical element for achieving 
separation between an optical path of the information 



light, the recording-specific reference light, and the re- 
production-specific reference light yet to pass through 
the quarter-wave plate and an optical path of return light 
from the optical infomnation recording medium that has 
5 passed through the quarter-wave plate, according to a 
difference in directions of polarization. 
[0031] In the optical Infomnation recording/reproduc- 
ing apparatus of the invention, the recording-specific 
reference light generating means may generate the re- 
cording-specific reference tight that is spatially modulat- 
ed in phase, and the reproduction-specific reference 
light generating means may generate the reproduction- 
specific reference light that is spatially modulated in 
phase. In this case, the infonnation light generating 
means may spatially modulate the phase of the light in 
accordance with a phase modulation pattern deter- 
mined based on the infomnation to be recorded and a 
phase modulation pattern of the recording-specific ref- 
erence light. 

[0032] The optical information recording/reproducing 
apparatus of the invention may further comprise a flying- 
type head body that accommodates the infonnnation light 
generating means, the recording-specific reference light 
generating means, the reproduction-specific reference 
light generating means, the recording/reproducing opti- 
cal system and the detecting means, and files over the 
optical Information recording medium. 
[0033] An optical infomnation recording/reproducing 
method of the invention is a method for recording infor- 
mation on an optical information recording medium hav- 
ing an Information recording layer on which infomnation 
is recorded through the use of holography, and for re- 
producing the infonnation from the infonnation record- 
ing medium. The method comprises: 

the step of generating infonnation light by spatially 
modulating a phase of light based on information to 
be recorded; 

the step of generating recording-specific reference 
light; 

the recording step in which the information record- 
ing layer is irradiated with the infonnation light and 
the recording-specific reference light so that the in- 
fomnation is recorded on the infomnation recording 
layer in the fomn of an interference pattem resulting 
from interference between the information tight and 
the recording-specific reference light; 
the step of generating reproduction-specific refer- 
ence light; 

the reproducing step in which the infonnation re- 
cording layer is irradiated with the reproduction- 
specific reference light, reproduction light that is 
generated from the information recording layer irra-. 
dieted with the reproduction-specific reference light 
is collected, and composite light is generated by su- 
perimposing the reproduction tight on the reproduc- 
tion-specific reference light; and 
the step of detecting the composite light. 
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[0034] According the optical information recording/re- 
producing method of the invention, in infonnation re- 
cording, information is recorded on the infonnation re- 
cording layer of the opticai infonmation recording medi- 
um by using the infonnation iight that is spatially modu- 5 
lated in phase based on the information to be recorded, 
and the recording-specific reference light. In infomnation 
reproduction, the information recording layer of the op- 
tical Information recording medium is irradiated with the 
reproduction-specific reference light, so that the repro- io 
duction light Is generated from the information recording 
layer. The reproduction light is light that is spatially mod- 
ulated in phase according to the infonnation recorded. 
The reproduction light Is superimposed on the reproduc- 
tion-specific reference light to generate the composite is 
iight. The composite iight is light that is spatially modu- 
lated in intensity according to the information recorded. 
Infomnation is reproduced by detecting the composite 
light. 

[0035] In the optical infomiation recording/reproduc- 20 
ing method of the invention, the irradiation with the in- 
fonnation light, the recordirig^pedfic reference light 
and the reproduction-specific reference light and the 
collection of the reproduction light may be perfomned on 
the same side of the Infonnation recording layer so that 2s 
the Infomiation iight, the recording-specific reference 
light, the reproduction-specific reference light and the 
reproduction light are arranged coaxially. 
[0036] In the optical infonnation recording/reproduc- 
ing method of the invention, the step of generating the 30 
recording-specific reference light may generate the re- 
cording-specific reference light that is spatially modulat- 
ed In phase, and the step of generating the reproduc- 
tion-specific reference light may generate the reproduc- 
tion-specific reference light that is spatially modulated 3S 
in phase. In this case, in the step of generating the in- 
fonnation light, the phase of the light may be spatially 
modulated in accordance with a phase modulation pat- 
tern detennined based on the infonnation to be recorded 
and a phase modulation pattern of the recording-specif- 
ic reference light. 

[0037] Other objects, features and advantages of the 
Invention will become sufficiently clear from the follow- 
ing description. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0038] 

FIG. 1 is an explanatory diagram showing the prin- so 
ciple of information recording in an optical informa- 
tion recording/reproducing apparatus according to 
a first embodiment of the invention. 
FIG. 2 is an explanatory diagram showing the prin- 
ciple of infonnation reproduction in the optical infer- ss 
mation recording/reproducing apparatus according 
to the first embodiment of the invention. 
FIG. 3 is a wavefonn diagram for explaining in detail 



the principle of infonnation reproduction in the op- 
tical infonnation recording/reproducing apparatus 
according to the first embodiment of the Invention. 
FIG. 4 Is a cross-sectional view showing an optical 
head of the optical Infonnation recording/reproduc- 
ing apparatus according to the first embodiment of 
the Invention. 

FIG. 5 is a perspective view showing the optical 
head of the optical infonnation recording/reproduc- 
ing apparatus according to the first embodiment of 
the Invention. 

FIG. 6 is a plan view showing the appearance of the 
optical infonnation recording/reproducing appara- 
tus according to the first embodiment of the Inven- 
tion. 

FIG. 7 is an explanatory diagram for explaining an 
exannpte of a method for producing tracking error 
infonnation and a method for tracking servo in the 
first embodiment of the Invention. 
FIG. 8 is an explanatory diagram for explaining an 
exannple of the nriethod for producing tracking error 
infonnation and the method for tracking servo in the 
first embodiment of the invention. 
FIG. 9 is a cmss-sectional view showing essential 
parts of a phase spatial light modulator In the first 
embodiment of the invention. 
FIG. 10 is an explanatory diagram showing the 
phase spatial light nrK)dulator and its peripheral cir- 
cuits In the first embodiment of the Invention. 
FIG. 11 is a plan view of a thin-film coil in the phase 
spatial light modulator shown in FIG. 9. 
FIG. 12 is an explanatory diagram showing a stmc- 
ture of a one-dimensional magnetic photonk: crys- 
tal. 

FIG. 13 is an explanatory diagram for explain Ing the 
operation of the phase spatial light modulator 
shown in FIG. 9. 

FIG. 14 is a cross-sectional view showing another 
example of configuration of the phase spatial tight 
modulator in the first embodiment of the invention. 
FIG. 15 Is an explanatory diagram for explaining the 
operation of the phase spatial light modulator 
shown in FIG. 14. 

FIG . 1 6 is an explanatory diagram for explaining the 
operation of the phase spatial light modulator 
shown in FIG. 14. 

FIG. 1 7 is an explanatory diagram showing the prin- 
ciple of information recording in an optical informa- 
tion recording/reproducing apparatus according to 
a second embodiment of the invention. 
FIG. 1 8 is an explanatory diagram showing the prin- 
ciple of information reproduction in the optical infor- 
mation recording/reproducing apparatus according 
to the second embodiment of the invention. 
FIG. 1 9 is a waveform diagram for explaining in de- 
tail the principle of information reproduction in the 
optical infonnation recording/reproducing appara- 
tus according to the second embodiment of the in- 
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vention. . 

FIG. 20 is a cross-sectional view showing an optical 
head of an optical Infonnation recording/reproduc- 
ing apparatus according to a third embodiment of 
the invention. 

FIG. 21 is an explanatory diagram for explaining an 
example of a method for producing focus em>r in- 
formation in the third embodiment of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0039] Hereinafter, embodiments of the invention will 
be described in detail with reference to the drawings. 

[Rrst Embodiment] 

[0040] FIG. 1 is an explanatory diagram showing the 
principle of infonnation recording in an optical infomia- 
tion recording/reproducing apparatus according to a first 
embodiment of the invention. 
[0041] Initially, with reference to FIG. 1, description 
will be given of the configuration of an optrcat infonnation 
recording medium for use in the present embodiment 
An optical information recording medium 1 of the 
present embodiment comprises a disk-like transparent 
substrate 2 made of polycarbonate or the like, and an 
Information recoixling layer 3, an air gap layer 4, and a 
reflecting film 5 that are arranged in this order from the 
transparent substrate 2, on a side of the transparent 
substrate 2 opposite from the light incident/emergent 
side. The Information recording layer 3 is a layer on 
whteh infonnation is recorded through the use of holog- 
raphy, and is made of a hologram material which varies, 
when irradiated with light, in its optical characteristics 
such as refractive index, pemnittivity, and reflectance, 
depending on the intensity of the light. The available 
hologram material includes photopolymer HRF-600 
(product name) manufactured by Dupont and photopol- 
ymer ULSH-600 (product name) manufactured by 
Aprils. The reflecting filrn 5 is made of aluminum, for ex- 
ample, incidentally, in the optbal infonnation recording 
medium 1 , the infonnation recording layer 3 and the re- 
flecting film 5 may be anranged next to each other with- 
out the air gap layer 4. 

[0042] Next, description will be given of the principle 
of information recording in the optk:al infonnation re- 
cording/reproducing apparatus according to the embod- 
iment, i.e., the optical information recording method ac- 
cording to the embodiment. In the embodiment, Infor- 
mation light and recording-specific reference light are 
generated, and the infonnation recording layer 3 of the 
optical information recording medium 1 is irradiated with 
the information light and the recording-specific refer- 
ence light so that infonnation is recorded in the informa- 
tion recording layer 3 in the form of an interference pat- 
tem resulting from interference between the infonnation 
light and the recording-specific reference light. The in- 
formation light is generated by spatially modulating the 



^ 3hase offlight based on the information to be recorded. 
904^]X Hereinafter, the optfeal Information recording 
method according to the embodiment will be described 
in detail with reference to FIG. 1 . FIG. 1 illustrates part 
5 of an example of the recording/reproducing optical sys- 
tem in the optical informatk>n recording/reproducing ap- 
paratus according to the embodiment. In this example, 
the recording/reproducing optical system has an objec- 
tive lens 11 facing toward the transparent-substrate-2 
10 side of the optical infonnation recording medium 1 , and 
a beam splitter 12 and a phase spatial light modulator 
1 3 that are arranged in this order from the objective lens 
11 , on a side of the objective tens 11 opposite from the 
optical information recording medium 1 . The beam split- 
is ter 12 has a semi-reflecting surface 1 2a that is inclined 
at 45" in the nomnal direction with respect to the direction 
of the optical axis of the objective lens 1 1 . The recording/ 
reproducing optical system shown in FIG. 1 also has a 
photodetector 14. The photodetector 14 is provided in 
20 a direction in which retum light from the optical informa- 
tion recording medium 1 is reflected by the semi-reflect- 
ing su rface 1 2a of the beam splitter 1 2. The phase spa- 
tial light modulator 13 has a number of pixels arranged 
in a matrix, and is capable of spatially modulating the 
25 phase of light by selecting the phase of emergent light 
pixel by pixel. The photodetector 14 also has a number 
of pixels arranged in a matrix, and Is capable of detect- 
ing the intensity of received light pixel by pixel. 
[0044] In the example shown in FIG. 1 , the phase spa- 1 
30 tial light modulator 13 generates the infonnation light) 
and the recording-specific reference light. Coherent par- 
allel light having a constant phase and intensity is inci- 
dent on the phase spatial light modulator 13. For infor- 
mation recording, the phase spatial light modulator 13, 
35 in a half area 1 3A thereof, selects the phase of the emer- 
gent light pixel by pixel based on the infonnation to be 
recorded, thereby modulating the phase of the light spa- 
tially to generate the infonnation light. In the other half 
area 13B, it renders the phase of the emergent light 
40 identical for all the pixels to generate the recording-spe- 
cffto reference light. 

[0045] In the area 13A, the phase spatial light modu- 
lator 13 sets the phase of the light after the modulation 
pixel by pixel, to either a first phase having a phase dif- 

^ ference of +71^ (rad) with respect to a predetennined 
reference phase, or a second phase having a phase dif- 
ference of ^2 (rad) with respect to the reference phase. 
The phase difference between the first phase and the 
second phase Is n (rad). Incidentally, in the area 13A, 

50 the phase spatial light modulator 13 may set the phase 
of the light after the modulation at any of three or more 
values pixel by pixel. In the area 13B, the phase spatial 
light modulator 13 sets the phase of the emergent light 
for every pixel to the first phase having a phase differ- 

55 ence of +7t/2 (rad) with respect to the predetennined ref- 
erence phase. Incidentally, in the area 13B, the phase 
spatial light modulator 1 3 may set the phase of the emer- 
gent light for every pixel to the second phase or a certain 
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phase different from both the first phase and the second 
phase. 

[0046] FIG. 1 shows the phases and Intensities of the 
incident light on the phase spatial light modulator 1 3, the 
emergent light from the phase spatial light modulator 13, 5 
the incident light on the objective lens 1 1 yet to irradiate 
the optical infomiation recording hnedium 1 with, and the 
retum light from the optical Infomriation recording medi- 
um 1 reflected by the semi-reflecting surface 1 2a of the 
beam splitter 12. In FIG. 1, the symbol represents io 
the first phase, and the symbol the second phase. 
FIG. 1 also shows the maximum value of intensity as "1 * 
and the minimum value of Intensity as "0". 
[0047] In the example shown in FIG. 1 , for infomriation 
recording, coherent parallel light 21 having a constant 
phase and intensity is incident on the phase spatial light 

I modulator 13. Of the light incident on the phase spatial 
light modulator 13, the light that has passed through the 
area 13A becomes infomiation light 22A, being spatially 
modulated in phase based on the infomriation to be re- 20 
corded. Incidentally, the infonnation light 22A locally 
drops in intensity at the borders between first-phase pix- 
els and second-phase pixels. Meanwhile, of the light in- 
cident on the phase spatial fight modulator 13, the light 
that has passed through the area 13B becomes record- 25 
ing-specific reference light 22B without being spatially 
modulated in phase. The infomiation light 22A and the 
recording-specific reference light 22B are incident on 
the beam splitter 1 2. Part of them passes through the 
semi-reflecting surface 1 2a, and further through the ob- 30 
jective lens 11 to turn into converging infomiation light 
23A and converging recording-specific reference light 
238, respectively, with which the optical information re- 
cording medium 1 is irradiated. The Infomiation light 
23 A and the recording-specific reference I ight 238 pass 35 
through the infomriation recording layer 3, converge to 
a minimum dianrieter on the interface between the air 
gap layer 4 and the reflecting film 5, and are reflected 
by the reflecting film 5. Information light 24A and record- 
ing-specific reference light 248 that have been reflected 40 
by the reflecting film 5 become divergent light to pass 
through the infonmation recording layer 3 again. 
[0048] In the infomriation recording layer 3, the infer- 
mation light 23 A yet to be reflected by the reflecting film 
5 and the recording-specific reference light 248 that has 45 
been reflected by the reflecting film 5 interfere with each 
other to form an interference pattem, and the infomrta- 
tion light 24A that has been reflected by the reflecting 
film 5 and the recording-specific reference light 238 yet 
to be reflected by the reflecting film 5 interfere with each so 
other to fomn an interference pattern. Then, these inter- 
ference pattems are volumetricaliy recorded in the in- 
formation recording layer 3. 

[0049] The Information light 24A and the recording- 
specific reference light 24B having been reflected by the 55 
reflecting film 5 are emitted from the optical infomiation 
recording medium 1 . and become parallel information 
light 25A and parallel recording-specific reference light 



25B through the objecth^e lens 1 1 . The light 25A and the . 
light 258 are incident on the beam splitter 12, and part 
of each of them is reflected by the semi-reflecting sur- 
face 1 2a and received by the photodetector 1 4. 
[0050] Next, description will be given of the principle 
of information reproduction in the optical infomriation re- 
cording/reproducing apparatus according to the embod- 
iment, i.e., the optical infomiation reproducing method 
according to the embodiment. In the embodiment, re- 
production-specific reference light is generated, and the 
Infonmation recording layer 3 of the optical infomiation 
recording medium 1 is irradiated with this reproduction- ^ 
specific reference light. Then, reproduction light that Is 
generated from the infomiation recording layer 3 irradi- 
ated with the reproduction-specific reference light Is col- 
lected. The reproduction light is superimposed on the 
reproduction-specific reference light to generate com- 1 
posite light, and this composite light is detected. 
[0051] Hereinafter, the optical information reproduc- 
ing method according to the embodiment will be de- 
scribed In detail with reference to FIG. 2. FIG. 2 is an 
explanatory diagram showing the principle of infomia- 
tion reproduction in the optical information recording/re- 
producing apparatus according to the embodiment. Like 
FIG. 1 , FIG. 2 illustrates part of an example of the re- 
cording/reproducing optical system in the optical infor- 
mation recording/reproducing apparatus according to 
the embodiment. 

[0052] FIG. 2 shows the phases and intensities of the 
Incident light on the phase spatial light modulator 1 3, the 
emergent light from the phase spatial light modulator 13, 
the incident light on the objective lens 1 1 yet to irradiate 
the optical infomiation recording medium 1 with, and the 
return light from the optical infomriation recording medi- 
um 1 reflected by the semi-reflecting surface 12a of the 
beam splitter 12. The phases and intensities are ex- 
pressed in the same manner as in FIG. 1 . 
[0053] In the example shown In FIG. 2, for Infomiation 
reproduction, coherent parallel light 31 having a con- 
stant phase and intensity is Incident on the phase spatial 
light modulator 13. For infomriation reproduction, the 
phase spatial light modulator 13 sets the phase of the 
emergent light for every pixel to a first phase having a 
phase difference of +tU2 (rad) with respect to a prede- 
termined reference phase, thereby generating repro- 
duction-specific reference light 32. The reproduction- 
specific reference light 32 is incident on the beam splitter 
1 2, and part thereof passes through the semi-reflecting 
surface 12a, and further through the objective lens 11 
to turn into converging reproduction -specnic reference 
light 33, with which the optical infomiation recording me- 
dium 1 is irradiated. The reproduction-specific reference 
light 33 passes through the Information recording layer 
3, converges to a minimum diameter on the interface 
between the air gap layer 4 and the reflecting film 5, and 
is reflected by the reflecting film 5. Having been reflected 
by the reflecting film 5, the reproduction-specific refer- 
ence light becomes divergent light to pass through the 
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information recording layer 3 again. 
[0054] In the information recording layer 3, the repro- 
duction-specific reference light 33 yet to be reflected by 
the reflecting film 5 causes reproduction light that travels 
away from the reflecting film 5. The reproductlon-spe- s 
cific reference light that has been reflected by the re- 
flecting film 5 causes reproduction light that travels to- 
ward the reflecting film 5. The reproduction light 
traveling away from the reflecting film 5 is emitted as-is 
from the optical infomiation recording medium 1 . The io 
reproduction light traveling toward the reflecting film 5 
is reflected by the reflecting film 5 and emitted from the 
optical Infomiation recording medium 1 . 
[0055] Thus, at the time of reproduction, return light 
34 from the optical InfonDation recording medium 1 in- 
eludes the reproduction light and the reproduction-spe- 
cific reference light that has been reflected by the re- 
fleeting film 5. The return light 34 is tumed into parallel 
retum light 35 through the objective lens 1 1 , and incident 
on the beam splitter 12. Part of the light is reflected by 20 
the semi-reflecting surface 12a, and received by the' 
photodetector 14. T he retum light 35 incident on t he 
photodete ctor 14lt1gludes reproduction light 36 and re - 
productio n-specific reference ltc|ht 37 that has been re - 
f leaea py th e reflecting fllniS . The reproduction light 36 2S 
is light that Is spatially modulated in phase according to 
the information recorded in the Information recording 
layer 3. For the sake of convenience, FIG. 2 shows the 
reproduction light 36 and the reproduction-specific ref- 
erence light 37 separately, along with their respective 30 
phases and Intensities. In reality, however, the repro- 
duction light 36 is superimposed on the reprodu(^on- 
specific reference light 37 to generate composite light, 
and this composite light is received by the photodetector 
1 4. The composite light is light that is spatially modulat- 35 
ed in intensity according to the infomiation recorded. 
Thus, the photodetector 14 detects a two-dimensional 
intensity pattern of the composite light, from which the 
infomiation is reproduced. 

[0056] As shown in FIG. 1 and FIG. 2, the optical in- 40 
formation recording/reproducing apparatus according 
to the embodiment perfonns the in-adiation with the in- 
fomrtation light, the recording-specific reference light 
and the reproduction-specific reference hght and the 
collection of the reproduction light on the same side of ^ 
the infomiation recording layer 3 so that the information 
light, the recording-specific reference light, the repro- 
duction-specific reference light and the reproduction 
light are arranged coaxially. In FIG. 1 , the infomiation 
light 23A and the recording-specific reference light 23B so 
to irradiate the information recording layer 3 with are 
light beams that are semici rcular in cross section . Those 
beams are coaxial since they constitute respective 
halves of a light beam that is circular in cross section. 
[0057] Now, reference is made to FIG. 3 to describe 55 
In detail the reproduction light 36. the reproduction-spe- 
cific reference tight 37, and the composite light men- 
tioned above. In FIG. 3. (a) represents the intensity of 



ttie reproduction light 36, (b) the phase of the reproduc- 
tion light 36, (c) the intensity of the reproduction-specific 
reference light 37, (d) the phase of the reproduction- 
specific reference light 37, and (e) the intensity of the 
composite light. FIG. 3 shows an example where the 
phase of the information light for each pixel is set to ei- 
ther the first phase having a phase difference of +iU2 
(rad) with respect to the reference phase, or the second 
phase having a phase difference of -71/2 (rad) with re- 
spect to the reference phase. Consequently, in the ex- 
ample shown in FIG. 3, the reproduction light 36 has 
either the first phase or the second phase pixel by pixel 
as the infonmation light does. The reproduction-specific 
reference light 37 has the first phase for every pixel. As- 
suming here that the reproduction light 36 and the re- 
production-specific reference light 37 are equal in inten- 
sity, the composite light exceeds the reproduction light 
36 and the reproduction-specific reference light 37 in in- 
tensity at pixels where the reproduction light 36 has the 
first phase, and the composite light theoretically be- 
comes zero in intensity at pixels where the reproduction 
light 36 has the second phase, as shown in FIG. 3(e). 
[0058] Next, description will be given in detail of the 
relationship between the phase of the reproduction light 
arid the intensity of the composite light, including situa- 
tions where the phase of the infomiation light is set at 
either of two values and where the phase of the infor- 
mation light is set at any of three or more values for re- 
cording. 

[0059] The composite light is made by superimposing 
one of two lightwaves, th e reproduction ligh t, on theoth- 
er, the reprodu ction-specific referencej iqht. Thus, the 
intensi^Fof the composite light is given by the following 
equation (1), where a^ is both the amplitude of the re- 
production light and the amplitude of the reproduction- 
specific reference light, and 6 is a phase difference be- 
tween the reproduction light and the reproduction-spe- 
cific reference light: 



I a 2a^^ 2ao'cos6 
» 2ao^(l + C085) 
= 4ao'cos^(6/2) (1). 

[0060] Since the phase of the reproduction-specific 
reference light is constant irrespective of pixel, from the 
foregoing equation, it canb eseen that the intensitv I o f 
tti e composite light varies with the jahase-ef-theTeoro- 
ductio^-lightr^4are'over, when tRe^hase oTtfie'ihrorrTia- 
tion light is set at any of n values (n is an integer no less 
than 2) within a range of, e.g., +ii/2 (rad) to -n/2 (rad), 
the intensity I of the composite light also takes any of 
the n values. 

[0061] As above, according to the optical infonmation 
recording method of the embodiment, the two-dimen- 
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sional intensity pattern of the composite ilght generated 
by superimposing the reproduction light on the repro- 
ductlon^specific reference light is detected to reproduce 
the infomriation recorded in the infomnation recording 
layer 3 in the fonri of an interference pattem resulting 
from the interference between the information light that 
is spatially modulated in phase based on the infomnatlon 
to be recorded, and the recording-specific reference 
Ilght. 

[0062] Next, description will be given of a configura- 
tion of the optical Infonnation recording/reproducing ap- 
paratus according to the embodiment. The optical Infor- 
mation recording/reproducing apparatus according to 
the embodiment includes the optical infomiation record- 
ing apparatus according to the embodiment and the op- 
tical information reproducing apparatus according to the 
embodiment. f 
[0063] FIG. 4 is a cross-sectional view showing an op- 
tical head of the optical infomriation recording/reproduc- 
ing apparatus according to the embodiment. As shown 
In FIG. 4, the embodiment uses an optical infonmatlon 
recording medium 1 that has positioning infonnation. 
That Is, as shown In FIG. 4, the optical Infonnation re- 
cording medium 1 of the embodiment has a plurality of 
address servo areas 6 linearly extending in a radial di- 
rection. The address servo areas 6 are arranged at pre- 
determined angular intervals on the Interface between 
the air gap layer 4 and the reflecting film 5. The fan- 
shaped sections between adjoining address servo are- 
as 6 make data areas 7. The address servo areas 6 con- 
tain Information for perfonming tracking servo by a sam- 
pled servo system and address Information, both of 
whk^h are recorded in advance in the fonri of emboss 
pits or the like. As will be described later, no focus servo 
is perfonmed In the present embodiment. 
[0064] As shown in FIG. 4, the optical infonmatlon re- 
cording/reproducing apparatus according to the embod- 
iment is provided with an optical head 40 that is placed 
to face toward the transparent substrate 2 of the optbal 
infonmatlon recording medium 1 . The optical head 40 
has a flying-type head body 41 that accommodates in- 
dividual components to be described later and flies over 
the optical infonnation recording medium 1 . A semfcon- 
ductor laser 43 is fixed to the internal bottom of the head 
body 41 via a support 42. A phase spatial light modulator 
44 of reflection type and a photodetector 46 are also' 
fixed thereto. Amicrolens anray 46 Is attached to the 
light-recerving surface of the photodetector 45. In the 
head body 41 , a prism block 48 is provided above the 
phase spatial light modulator 44 and the photodetector 
45. A collimator lens 47 is provided near an end of the 
prism block 48 doserto the semiconductor laser 43. The 
head body 41 has an opening in the surface facing to- 
ward the optical Information recording medium 1 . An ob- 
jective lens 50 is provided in this opening. A quarter- 
wave plate 49 is provided between the objective lens 50 
and the prism block 48. 

[0065] The phase spatial light modulator 44 has a 



number of pixels arranged In a matrix, and is capable of 
spatially modulating the phase of light by setting the 
phase of emergent light pixel by pixel to either of two 
values differing by n (rad) from each other. Furthemiore, 
5 the phase spatial light modulator 44 rotates the direction 
of polarization of the emergent light by QO"" with respect 
to the direction of polarization of the Incident light. 
[0066] The photodetector 45 has a number of pixels 
arranged in a matrix, and is capable of detecting the in- 
tensity of received light pixel by pixel. The microiens ar- 
ray 46 includes a plurality of microlenses arranged to 
oppose to the light-receiving surfaces of the respective 
pixels of the photodetector 45. 
[0067] A CCD-type solid image pick-up device or a 
MOS-type solid image pk:k-up device may be used as 
the photodetector 45. Alternatively, a smart light sensor 
in whteh a MOS type solid image pick-up devtee and a 
signal processing circuit are integrated on a single chip 
(for example, see the literature "O plus E, Sept. 1996, 
No. 202, pp. 93-99") may be used. Since this smart light 
sensor has a high transfer rate and high-speed opera- 
tion facilities, the use of this smart light sensor allows 
high-speed reproduction. For example, reproduction 
can be perfonmed at transfer rates on the order of Gbit/s. 
[0068] The prism block 48 has a polarization beam 
splitter surface 48a and a reflecting surface 48b. Of the 
polarization beam splitter surface 48a and the reflecting 
surface 48b, the polarization beam splitter surface 48a 
is located closer to the collimator lens 47. The polariza- 
tion beam splitter surface 48a and the reflecting surface 
48b are both inclined at 45'' in the nonmal direction with 
respect to the direction of the optical axis of the collima- 
tor lens 47, and they are arranged in parallel to each 
other. 

[0069] The phase spatial light modulator 44 is placed 
below the polarization beam splitter surface 48a, and 
tiie photodetector 45 Is placed betow the reflecting sur- 
face 48b. The quarter-wave plate 49 and the objective 
lens 50 are placed above the polarization beam splitter 
surface 48a. The collimator lehs 47 and the objective 
lens 50 may be hologram lenses. 
[0070] The prism block 48 corresponds to the polari- 
zation separation optical element of the invention. That 
is, the polarization beam splitter surface 48a of the prism 
block 48, as will be detailed later, achieves separation 
between the optical path of the infomriation light, the re- 
cording-specific reference light, and the reproduction- 
specific reference light yet to pass through the quarfer- 
wave plate 49 and the optical path of the return light from 
tiie opttoal infomriation recording medium 1 having 
passed through the quarter-wave plate 49, according to 
the difference in directions of polarization. 
[0071] FIG. 5 is a perspective view showing the opti- 
cal head of the optical information recording/reproduc- 
ing apparatus according to the embodiment. As shown 
in FIG. 5, the flying-type head body 41 has two rail por- 
tions 51 that are provided to protrude from the surface 
that faces toward the optical information recording me- 
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dium 1 . The surfaces of the rail portions 51 closer to the 
optical information recording medium 1 make an air 
bearing surface. Tapered portions 52 are provided near 
the ends of the rait portions 51 on the air inflow side. 
The tapered portions 52 are shaped to draw apart from 
the optical infomiation recording medium 1 toward the 
ends of those portions. By means of the air that flows in 
from the tapered portions 52, the head body 41 flies over 
the optical information recording medium 1 with a small 
gap between the air bearing surface and the optical in- 
fomiation recording medium 1 . The objective lens 50 Is 
placed between the two rail portions 51 . While the head 
body 41 Is flying, the gap between the air bearing sur- 
face and the optical infomnation recording medium 1 is 
on the order of 0.05 \m and is stable. Consequently, in 
the optical head 40 of the embodiment, an almost con- 
stant distance is maintained between the objective lens 
50 and the optical information recording medium 1 white 
the head body 41 is flying, and this eliminates the need 
for focus servo. 

[0072] FIG. 6 is a plan view showing the appearance 
of the optical infomnation recording/reproducing appa- 
ratus according to the embodiment. As shown in FIG. 6, 
the optical information recording/reproducing apparatus 
is provided with a spindle 54 to which the optical infor- 
mation recording medium 1 is attached, and a spindle 
motor, which Is not shown, for rotating the spindle 54. 
The optical Information recording/reproducing appara- 
tus is further provided with a carriage 55 whose extrem- 
ity moves in a direction across the track of the optbal 
Information recording medium 1 , and a voice coll motor 
56 for driving the carriage 55. The optical head 40 is 
attached to the extremity of the carriage 55. In the optbal 
information recording/reproducing apparatus, the car- 
riage 55 and the voice coil motor 56 move the optk:al 
head 40 in a direction across the track of the optical in- 
fomnation recording medium 1 , thereby effecting a track 
change and tracking servo. 

[0073] Next, description will be given of the operation 
of the optical head 40 in information recording. The sem- 
iconductor laser 43 emits coherent S-polarized light. In- 
cidentally, S-polarization refers to linear polarization the 
direction of which is perpendicular to the incidence 
plane (plane of FIG. 4). whereas P-polarization to be de- 
scribed later refers to linear polarizatk>n the direction of 
which is parallel to the incidence plane. . 
[0074] The S-polarized laser light emitted from the 
semiconductor laser 43 is turned into parallel light 
through the collimator lens 47, incident on the polariza- 
tion beam splitter surface 48a of the prism block 48, re- 
flected from the polarization beam splitter surface 48a, 
and incident on the phase spatial light modulator 44. In 
a half area, the emergent light from the phase spatial 
light modulator 44 becomes the infomnation light that is 
spatially modulated in phase based on the infomnation 
to be recorded. In the other half area, the emergent light 
becomes the recording-specific reference light having 
an identical phase for all the pixels. The emergent light 



from the phase spatial light modulator 44 is subjected 
to a rotation of the direction of polarization by 90** to be- 
come P-polarized light. 

[0075] Since the information light and the recording- 

5 specify reference light, which are the emergent light 
from the phase spatial light modulator 44, are P-polar- 
Ized, they are transmitted through the polarization beam 
splitter surface 48a of the prism block 48 and circulariy 
polarized through the quarter-wave plate 49. The Infor- 

10 mation light and the recording-specific reference light 
are condensed by the objecth^e lens 50 to Inradiate the 
optical Information recording medium 1 with. The infor- 
mation light and the recording-specific reference light 
pass through the information recording layer 3, con- 

15 verge to a minimum diameter on the interface between 
the air gap layer 4 and the reflecting film 5, and are re- 
flected by the reflecting film 5. Having been reflected by 
the reflecting film 5, the information light and the record- 
ing-specific reference light become divergent light to 

20 pass through the infomiation recording layer 3 again. 
When the output of the semiconductor laser 43 Is set at 
a high output for recording, an Interference pattern re- 
sulting from the interference between the information 
light and the recording-specific reference light is record- 

25 ed on the infomnation recording layer 3 as has been de- 
scribed with reference to FIG. 1 . 
[0076] The return light from the optical Information re- 
cording medium 1 is turned into parallel light through the 
objective lens 50, and S-polarized through the quarter- 

30 wave plate 49. This retum light is reflected by the polar- 
ization beam splitter surface 48a of the prism block 48, 
further reflected by the reflecting surface 48b, and inci- 
dent on the photodetector 45 through the mterolens ar- 
ray 46. 

35 [0077] When recording infomnation, while the light 
beam from the objective lens 50 passes through the ad- 
dress servo areas 6 of the optical Infomnation recording 
medium 1 , the output of the semiconductor laser 43 is 
set at a low output for reproduction and the phase spatial 

40 light modulator 44 emits light having an identical phase 
for all the pixels, without modulating the phase of the 
light. Address information and tracking error infomnation 
can be obtained based on the output of the photodetec- 
tor 45 at this time. 

45 [0078] Next, description will be given of the operation 
of the optical head 40 in infomnation reproduction. In in- 
formation reproduction, the output of the semiconductor 
laser 43 is set at a low output for reproduction. The S- 
polarized laser light emitted from the semiconductor la- 

50 ser 43 is turned into parallel light through the collimator 
lens 47, incident on the polarization beam splitter sur- 
face 48a of the prism block 48, reflected from the polar- 
ization beam splitter surface 4Ba, and incident on the 
phase spatial light modulator 44. The emergent light 

55 from the phase spatial light modulator 44 becomes the 
reproduction-specific reference light having an identical 
phase for all the pixels. The emergent light from the 
phase spatial light modulator 44 is subjected to a reta- 
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tion of the direction of polarization t>y 90° to become P- 
polarized light. 

[0079] Since the reproduction-specific reference light, 
which is the emergent light from the phase spatial light 
modulator 44, is P-polarized, it is transmitted through 
the polarization beam splitter surface 48a of the prism 
block 48 and drcularty polarized through the quarter- 
wave plate 49. The reproduction-specific reference light 
is condensed by the objective lens 50 to irradiate the 
optical Infonnatlon recording medium 1 with. The repro- 
duction-specific reference light passes through the in- 
fomnation recording layer 3, converges to a minimum di- 
ameter on the interface between the air gap layer 4 and 
the reflecting film 5, and is reflected by the reflecting film 
5. Having been reflected by the reflecting film 5, the re- 
production-specific reference light becomes divergent 
light to pass through the information recording layer 3 
again. As has been described with reference to FIG. 2, 
the reproduction-specific reference light causes repro- 
duction light to be generated from the Information re- 
cording layers. 

[0080] The return light from the optical infomnatlon re- 
cording medium 1 includes the reproduction light and 
the reproduction-specific reference light. The retum light 
is tumed Into parallel light through the objective lens 50, 
and S-polarized through the quarter-wave plate 49. The 
retum light is reflected by the polarization beam splitter 
surface 48a of the prism block 48, further reflected by 
the reflecting surface 48b, and incident on the photode- 
tector 45 through the m»rolens array 46. The infomna- 
tlon recorded on the optbal infonnatlon recording medi- 
um 1 can be reproduced based on the output of the pho- 
todetector 45. 

[0081] When reproducing information, while the light 
beam from the objective lens 50 passes through the ad- 
dress servo areas 6 of the optical infomriation recording 
medium 1 , address infomriation and tracking error infor- 
mation can be obtained based on the output of the pho- 
todetector 45. 

[0082] Next, with reference to FIG. 7 and FIG. 8, de- 
scription will be given of an example of a method for pro- 
ducing tracking error information and a method for track- 
ing servo according to the embodiment. In this example, 
as shown in FIG. 7(a), the address servo areas 6 of the 
optical infomriation recording medium 1 have two pits 
81 A, a single pit 81 B, and a single pit 81 C that are 
formed In this order in a traveling direction of a light 
beam 82 along a track 80, as positioning Infonnation to 
be used for tracking servo. The two pits 81 A are ar- 
ranged at a position designated by the symbol A in FIG. 
7, symmetrically across the track 80. The pit 81 B is lo- 
cated at a position designated by the symbol B in FIG. 
7, being shifted to one side with respect to the track 80. 
The pit 81 C is located at a position designated by the 
symbol C in FIG. 7, being shifted to the side opposite 
from the pit 81 B, with respect to the track 80. 
[0083] As shown in FIG. 7(a). in the case where the 
light beam 82 travels on the track 80 accurately, the re- 



spective total amounts of light received by the photode- 
tector 45 at the time when the light beam 82 passes 
through the positions A, B, and C are as shown In FIG. 
7(b). That is, the amount of light received is greatest at 

5 the time of passing through the position A, and the 
amounts of light received at the time of passing through 
the position B and at the time of passing through the 
position C are the same, which are lower than the 
amount at the time of passing through the position A. 

10 [0084] On the other hand, as shown in FIG. 8(a), in 
the case where the light beam 82 travels off the track 
80 with a deviation toward the pit 81 C, the respective 
total amounts of light received by the photodetector 45 
at the time when the light beam 82 passes through the 

15 positions A, B, and C are as shown in FIG. 8(b). That Is, 
the amount of light received is greatest at the tinrte of 
passing through the position A, second greatest at the 
time of passing through the position C, and smallest at 
the time of passing through the position B. The absolute 

20 value of difference between the amounts of light re- 
ceived at the time of passing through the position B and 
at the time of passing through the position C increases 
with Increasing amount of deviation of the light beam 82 
from the track 80. 

^ [0085] Although not shown, when the light beam 82 
travels off the track 80 with a deviation toward the pit 
81 B, the amount of light received is greatest at the time 
of passing through the position A, second greatest at 
tiie time of passing through the position B, and smallest 

30 at the time of passing through the position C. The abso- 
lute value of difference between the amounts of light re- 
ceived at the time of passing through the position B and 
at the time of passing through the position C increases 
with increasing amount of deviation of the light beam 82 

35 from the track 80. 

[0086] From the foregoing, the direction and magni- 
tude of deviation of the light beam 82 with respect to the 
track 80 can be seen from a difference between the 
amounts of light received at the time of passing through 

^ the position B and at the time of passing through the 
position C. Consequently, the difference between the 
amounts of light received at the time of passing through 
the position B and at the time of passing through the 
position C can be used as a tracking en^or signal. The 

^ pits 81 A serve as the reference of timing for detecting 
the amounts of light received at the time of passing 
through the position B and at the time of passing through 
the position C. 

[0087] Specifically the tracking servo in this example 
so is perfonfned in the following manner. Initially, the timing 
at which the total amount of light received by the photo- 
detector45 reaches a first peak, I.e., the timing of pass- 
ing through the position A, is detected. Next, the timing 
of passing through the position B and the timing of pass- 
S5 ing through the position C are estimated with reference 
to the timing of passing through the position A. Next, the 
amount of light received at the time of passing through 
the position B and the amount of light received at the 
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time of passing through the position C are detected at 
the respective estimated timing. Rnally, a difference be- 
tween the amounts of iight received at the time of pass- 
ing through the position B and at the time of passing 
through the position C is detected as a tracicing en^or 5 
signal. Then, the voice coil motor 56 Is driven based on 
the tracking error signal so that the iight beam 82 follows 
the track 80 alt the time, thereby effecting tracking servo. 
However, when the light beam 82 passes through the 
data areas 7, no tracking servo is perfomied and the io 
state at the time of passing through the previous ad- 
dress servo area 6 Is maintained. 
[0088] A method for producing the tracking error In- 
fonnation and a method for tracking servo in the present 
embodiment are not limited to the foregoing ones, but a is 
push-pull method may also be used, for example. In this 
case, the address servo areas 6 are provided with a row 
of pits along the direction of the tracic, as positioning in- 
fonnatlon to be used for tracking servo, and then, a var- 
iation In the shape of light incident on the light-receiving 20 
surface of the photodetector 45 Is detected to produce 
tracking error infomnation. 

[0089] Next, with reference to FIG. 9 and FIG. 1 0, de- 
scription will be given of an example of configuration of 
the phase spatial light modulator 44 in the present em- 25 
bodiment. The phase spatial light modulator 44 of this 
example utilizes a magneto-optic effect. FIG. 9 is a 
f cross-sectional view showing essential parts of the 
phase spatial light modulator 44 In this example. FIG. 
10 is an explanatory diagram showing the phase spatial 30 
light modulator 44 and Its peripheral circuits in this ex- 
ample. 

[0090] As shown in FIG. 9 and FIG. 1 0, the phase spa- 
tial light modulator 44 in this example comprises: a mag- 
netization setting layer 111 that is made of a magneto- 3s 
optical material and includes a plurality of pixels in each 
of which a direction of magnetization is set independ- 
ently and each of which causes a rotation of a direction 
of polarization of incident iight according to Its direction 
of magnetization by a magneto-optic effect; thin-film 40 
coils 112 sen/ing as a plurality of field generating ele- 
ments which are arranged in connespondence with the 
respective pixels of the magnetization setting layer 111, 
for generating magnetic fields for setting directions of 
magnetization in the respective pixels independently of 4S 
each other; and a reflecting layer 113 provided between 
the magnetization setting layer 111 and the thin-film 
coils 112, for reflecting light. 

[0091] Domain wall movement suppressing portions 
111b for suppressing the movements of magnetic do- so 
main walls are provided in the magnetization setting lay- 
er 1 1 1 at borders between adjacent pixels. For example, 
the domain wall movement suppressing portions 111b 
may be projections such as shown in FIG. 9. 
[0092] In FIG. 9 and FIG. 10, the reference numeral S5 
lllao represents a pixel that is magnetized downward 
(hereinafter referred to as OFF pixel). The reference nu- 
meral 1 11 a^ represents a pixel that is magnetized up- 



ward (hereinafter referred to as ON pixel). 
[0093] FIG. 1 1 1s a plan view of the thin-film coll 112. 
In FIG. 11, the reference numeral 111 A represents the 
area of a single pixel. 

[0094] In FIG. 9 and FIG. 10, the upper surface of the 
magnetization setting layer 1 1 1 1s the surface for light to 
be incident on. The magnetization setting layer 111 has 
transparency at least to the light in use. The thin-fllm 
coils 112 are arranged to be adjacent to the surface of 
the magnetization setting layer 111 opposite from the 
surface for light to be Incident on, with the reflecting lay- 
er 113 placed in between. 

[0095] The reflecting layer 1 1 3 is electrically conduc- 
tive. One end, or the inner end, for example, of each of 
the thin-film coils 1 1 2 is connected to the reflecting layer 
1 1 3. A terminal 1 1 4 is connected to the other end, or the 
outer end, for example, of each of the thin-fllm coils 112. 
The reflecting layer 113 also functions as one of two con- 
ducting paths for energizing the thin-fllm colls 112. The 
terminals 114 constitute the other of the two conducting 
paths for energizing the thin-film coils 112. 
[0096] The phase spatial light modulator 44 further 
comprises a magnetic-path-fomning portion 115 made 
of a soft magnetic material. The magnetic-path-fonning 
portion 1 1 5 is placed on the side of the thin-fllm colls 1 1 2 
opposite from the magnetization setting layer 111, and 
forms part of magnetic paths 120 con^pondlng to the 
magnetic fields generated by the thin-film coils 112. An 
Insulating layer 116 Is fonned around the thin-fllm coils 
112, the temnlnals 114, and the magnetlo-path-forming 
portion 115. 

[0097] The phase spatial light modulator 44 further 
comprises a soft magnetic layer 117 rhade of a soft mag- 
netic material. The soft magnetic layer 117 is provided 
to be adjacent to the surface of the magnetization setting 
layer 111 opposite from the thin-film coils 112, and fonms 
another part of the magnetic paths 120 corresponding 
to the magnetic fields generated by the. thin-film colls 
112. The soft magnetic layer 117 has transparency at 
least to the light in use. 

[0098] As shown in FIG. 10, the individual thin-fllm 
colls 112 are connected to a driving unit 102 for ener- 
gizing the individual thin-film coils 112 independently, 
through the terminals 114, the reflecting layer 113, and 
wiring connected thereto. The driving unit 1 02 supplies 
a positive- or negative-pulsed current to the thin-film 
colls 112 at cycles of the order of nanoseconds, for ex- 
ample. The driving unit 1 02 is controlled by a control unit 
103. 

[0099] The magnetization selling layer 111 has high 
coercivities of He and -He. When the magnetization set- 
ting layer 111 Is magnetized in a positive direction, ap- 
plication of a negative magnetic field exceeding He in 
absolute value inverts the direction of magnetization. 
When the magnetization setting layer 1 1 1 is magnetized 
In a negative direction, application of a positive magnetic 
field exceeding He in absolute value inverts the direction 
of magnetization. The thin-film coils 1 1 2 generate a pos- 
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itive or negative magnetic field exceeding IHc in alDsoiute 
value. Meanwhile, the soft magnetic layer 117 has an 
extremely low coercivlty. The direction of magnetization 
of the soft magnetic layer 11 7 is easily inverted by ap- 
plication of a low magnetic field. The magnetic-path- 5 
fonming portion 115 has the same characteristic as that 
of the soft magnetic layer 117. 
[0100] The magnetization setting layer 111 may be 
made of any magneto-optical material having a magne- 
to-optic effect, whereas a magnetic garnet thin film or a 
one-dimensional magnetic photonic crystal is preferably 
used in particular. 

[0101] Typical magnetic garnet thin films are rare- 
earth iron type garnet thin films. Methods for producing 
a magnetic garnet thin film include one in which a 
monocrystalline magnetic garnet thin film is fonned on 
a substrate of gadolinium galliurti garnet (GGG) or the 
like by liquid-phase epitaxy (LPE) or sputtering. 
[0102] FIG. 12 is an explanatory diagram showing a 
structure of a one-dimensional magnetic photonic crys- 
tal. This one-dimensional magnetic photonic crystal 1 30 
has a structure in which dielectric multilayer films are 
f onmed on both sides of a magnetic substance layer 131. 
Rare-earth iron gamet, bismuth-substituted rare-earth 
Iron gamet or the lilce is used as the material of the mag- 
netic substance layer 131 . The dielectric multilayer films 
are made by laminating SiOj films 1 32 and TaaOs films 
133 altemately, for example. The layer structure of the 
one-dimensional magnetic photonic crystal 130 has a 
cycle on the order of the wavelengths of the light in use. 
The use of the magnetic photonic crystal 130 allows to 
achieve greater Faraday rotation angles. 
[0103] The phase spatial light modulator 44 of this ex- 
ample may be fabricated by fonning all the components 
monolithlcally, or by fonning a plurality of parts sepa- 
rately and then assembling the plurality of parts. In the 
case of fomning the phase spatial light modulator 44 
from a plurality of separate parts, a part including the 
soft magnetic layer 117 to the reflecting layer 113 may 
be separated from the other parts, for example. All the 
components of the phase spatial light modulator 44 of 
this example can be fabricated by using semiconductor 
fabrication processes. 

[0104] Next, the operation of the phase spatial light 
modulator 44 of this example will be described with ref- 
erence to FIG. 13. In the phase spatial light modulator 
44 of this example, the thin-film coils 112 are supplied 
with a positive- or negative-pulsed current selectively 
according to modulation information. As a result, the 
thin-film coils 112 apply a magnetic field to each pixel of 
the magnetization setting layer 111 separately. By sim- 
ple calculation, supplying a pulsed cun^ent of the order 
of 40 mA in peak value to the thin-film coils 112 can gen- 
erate a pulsed magnetic field of the order of 100 Oe at 
a center of the thin-film coils 112. This magnetic field 
can invert magnetization of each pixel. 
[01 05] I n each pixel, when a magnetic field in a direc- 
tion opposite to the existing direction of magnetization 



is applied, a magnetic domain that is magnetized In the 
same direction as the applied magnetic field is pro- 
duced, and then, this magnetto domain expands. The 
expansion of the magnetb domain stops when the mag- 
netic domain walls reach the domain wall movement 
suppressing portions 111b. As a result, an entire single 
pixel is magnetized In the same direction as that of the 
applied magnetic field In this way, the thin-film coils 112 
apply magnetic fields to the respective pixels of the mag- 
netization setting layer 111 independently of each other 
so that the directions of magnetization of the respective 
pixels of the magnetization setting layer 111 are set in- 
dependently. 

[0106] Light that is incident on the phase spatial light 
modulator 44 from the side of the soft magnetk: layer 
117 passes through the soft magnetk: layer 117 and then 
through the magnetization setting layer 111. The light 
passing through this magnetization setting layer 111 is 
given a Faraday rotation, that is, a rotation of the direc- 
tion of polarization according to the direction of magnet- 
ization of each pixel of the magnetization setting layer 
111 due to the Faraday effect. For example, supposing 
that the direction of polarization of light passing through 
an upward-magnetized ON pixel 1 1 1 a.| is rotated by +6^, 
the direction of polarization of light passing through a 
downward-magnetized OFF pixel lllao is rotated by 
-Op. 

[0107] The light having passed through the magneti- 
zation setting layer 1 1 1 is reflected by the reflecting layer 
113, again passes through the magnetization setting 
layer 1 1 1 and the soft magnetic layer 1 1 7, and is emitted 
from the phase spatial light modulator 44. As Is the case 
of passing through the magnetization setting layer 111 
before reaching the reflecting layer 1 1 3, the light pass- 
ing through the magnetization setting layer 1 1 1 after be- 
ing reflected by the reflecting layer 1 1 3 is given a rotation 
of the direction of polarization according to the direction 
of magnetization of each pixel of the magnetization set- 
ting layer 111 due to the Faraday effect. Consequently, 
supposing that the direction of polarization of the light 
passing through an ON pixel 11 1 a^ is rotated by +6p and 
the direction of polarization of the light passing through 
an OFF pixel 111ao is rotated by -0p as mentioned 
above, then the direction of polarization of tight emitted 
from the phase spatial light modulator 44 after passing 
through an ON pixel 1 1 1 a^ twice, i.e., forward and back- 
ward, is rotated by -i-2ep, and the direction of polarization 
of light emitted from the phase spatial light modulator 
44 after passing through an OFF pixel lllaQ twice, i.e., 
forward and backward, is rotated by -2ep. 
[01 08] In the phase spatial light modulator 44, the ro- 
tation angle -»-20p of the direction of polarization of the 
light passing through an ON pixel IHa^ of the magnet- 
ization setting layer 111 twice, i.e., forward and back- 
ward, is set at 90**, while the rotation angle -26p of the 
direction of polarization of the light passing through an 
OFF pixel 1 1 1 ao twice, i.e., forward and backward, is set 
at -90«. 
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[0109] As shown in FIG. 13, Si)olaiized light, which 
has been emitted from the semiconductor laser 43 and 
reflected by the polarization beam splitter surface 48a 
of the prism block 48, Is incident on the phase spatial 
light modulator 44. This light passes through the mag- 
netization setting layer 111 of the phase spatial light 
modulator 44, Is reflected by the reflecting layer 113, 
passes through the magnetization setting layer 111 
again, and returns to the prism block 48. Here, the light 
that has passed through an ON pixel 111a^ twice, i.e., 
forward and backward, is subjected to a rotation of the 
direction of polarization by 90*> to become P-polarized 
light. The light that has passed through an OFF pixel 
1 11 ao twice, i.e., forward and backward, is subjected to 
a rotation of the direction of polarization by -90'' to be- 
come P-polarized light (in FIG. 13, designated by the 
symbol P*). Thus, the retum light from the phase spatial 
light modulator 44 is all transmitted through the polari- 
zation beam splitter surface 48a. 
[0110] While the retum light from the phase spatial 
light modulator 44 is all P-polarized, the light that has 
passed through an ON pixel 1 1 1 a^ and the light that has 
passed through an OFF pixel 111aQ are different from 
each other by n (rad) in phase. Thus, the phase spatial 
light modulator 44 of this example can spatially modu- 
late the phase of the light by rotating the direction of po- 
larization of the emergent light by 90*" with respect to the 
direction of polarization of the incident light, and by set- 
ting the phase of the emergent light for each pixel at 
either of two values differing by n (rad) from each other. 
[01 1 1] In the phase spatial light modulator 44 of this 
example, the thin-film colls 112 set the directions of 
magnetization of the individual pixels of the magnetiza- 
tion setting layer 111 independently of each other, there- 
by causing a rotation of the direction of polarization of 
light incident on the magnetization setting layer 111 ac- 
cording to the direction of magnetization of each pixel. 
The light incident on the magnetization setting layer 11 1 
is thereby modulated spatially. The directions of mag- 
netization of the individual pixels of the magnetization 
setting layer 111 can be switched within several nano- 
seconds or so. The phase spatial light modulator 44 of 
this example has the thin-film coils 112 for the individual 
pixels so that the directions of magnetization of the in- 
dividual pixels can be set independently of each other. 
It is therefore possible to set the directions of magneti- 
zation of all the pixels at the same time. Consequently, 
in the phase spatial light modulator 44 of this example, 
the response time of the entire phase spatial light mod- 
ulator 44 can be on the order of several nanoseconds, 
i.e . , the same as that of the pixels. This allows extremely 
high operation speed. 

[01 1 2] The phase spatial light modulator 44 of this ex- 
ample is high in reliability since it has a simple structure 
free of mechank:al driving parts and contains no fluid 
such as liquid crystal. Furthemiore, since the phase 
spatial light modulator 44 of this example is sirnple in 
structure and is massTproducible by using semiconduc- 



tor fabrication processes, it is possible to reduce man- 
ufacturing cost. 

[01 13] The phase spatial light modulator 44 of this ex- 
ample is simplified in structure since the reflecting layer 

5 113 also functions as one of the two conducting paths 
for energizing the thin-film coils 1 1 2. 
[0114] In the phase spatial light modulator 44 of this 
example, the pixels of the magnetization setting layer 
111 can be uniformlzed in the state of material and the 

10 state of magnetization. In the phase spatial light modu- 
lator 44 of this example, the thin-film coils 1 1 2 for switch- 
ing the state of the pixels are an^nged to be adjacent 
to the surface of the magnetization setting layer 111 op- 
posite from the surface for light to be incident on, with 

15 the reflecting layer 1 1 3 In between. Accordingly, the thin- 
film coils 112 exert no influence on the light to be mod- 
ulated. Consequently, according to the phase spatial 
light modulator 44 of this example, it is possible to pre- 
vent the emergent light from becoming uneven due to 

20 causes other than the modulation infonnailon. 

[01 15] Since no transparent electrodes are anranged 
on the light path, the phase spatial light modulator 44 of 
this example is free of characteristc deterioration result- 
ing from light dispersion and is advantageous for attain - 

25 ing finer pixels In particular 

[01 16] According to the phase spatial light modulator 
44 of this example, the thin-film coils 1 1 2 generate mag- 
netic fields for setting the directions of magnetization of 
the individual pixels of the magnetization setting layer 

30 111 . It is therefore possible to reduce the currents for 
inverting magnetization of the pixels. 
[01 1 7] The phase spatial light modulator 44 of this ex- 
ample can narrow magnetic flux effectively since it has 
the soft magnetic layer 117 and the magnetic-path-form- 

35 ing portion 1 1 5 each f omiing part of the magnetk: paths 
120 corresponding to the magnetic fields generated by 
the thin-film coll 112. As a result, the phase spatial light 
modulator 44 of this example can effectively utilize the 
magnetomotive force caused by the thin-film coils 112 

40 to set the magnetization in the pixels. 

[01 18] In the phase spatial light modulator 44 of this 
example, the state of magnetization of the Individual pix- 
els of the magnetization setting layer 111 is maintained 
unless the thin-film coils 1 1 2 are driven. The phase spa- 

45 tial light modulator 44 can thus retain the modulation In- 
fomriation. 

[01 19] While the phase spatial light modulator 44 de- 
scribed above sets the phase of emergent light at either 
of two values pixel by pixel, the optical information re- 

50 cording/reproducing apparatus according to the embod- 
iment may use, instead of this phase spatial light mod- 
ulator 44, one capable of setting the phase of the emer- 
gent iight at any of three or more values pixel by pixel. 
[0120] FIG. 14 shows an example of configuration of 

55 the phase spatial light modulator which, is capable of set- 
ting the phase of emergent light at any of three or more 
values pixel by pixel. This phase spatial light modulator 
144 Is provided with two glass sufc>strates 151 and 152 
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arranged to oppose to each other. The mutually oppos- 
ing surfaces of the glass substrates 151 and 152 are 
provided with transparent electrodes 153 and 154, re- 
spectively. The glass substrates 151 and 152 are 
spaced at a predetermined distance by spacers 155. 
Liquid crystal is filled into the space f omned by the glass 
substrates 1 51 , 1 52 and the spacers 1 55, thereby f omn- 
ing a liquid crystal layer 157. A number of column- 
shaped orientation portions 156 are fonmed to protrude 
obliquely from a surface of the glass substrate 152 fac- 
ing the liquid crystal layer 157. These orientation por- 
tions 1 56 can be formed, for example, by depositing va- 
por deposition material on the glass substrate 152 in an 
oblique direction. Liquid crystal molecules 157a in the 
liquid crystal layer 157 are oriented so that their major- 
axis directions are along the longitudinal direction of the 
orientation portions 156, i.e., in a direction oblique to the 
glass substrate 152. The liquid crystal molecules 157a 
shall be positive in dielectric anisotropy. In addition, a 
reflecting film 158 is formed on the external surface of 
the glass substrate 152. 

[0121] Next, the operation of the phase spatial light 
modulator 144 shown in FIG. 14 will be described with 
reference to FIG. 15 and FIG. 16. Light is incident on 
the phase spatial light modulator 144 from the side of 
the glass substrate 151 , passes through the glass sub- 
strate 151, the liquid crystal layer 157, and the glass 
substrate 1 52 Js reflected by the reflecting film 1 58, and 
passes through the glass substrate 1 52, the liquid crys- 
tal layer 1 57, and the glass substrate 1 5 1 again for emis- 
sion. The transparent electrodes 1 53 and 1 54 can apply 
a voltage to between the transparent electrodes 1 53 and 
154 for each pixel independently. 
[0122] As shown in FIG. 15, when a voltage V is not 
applied to between the transparent electrodes 153 and 
154, the liquid crystal molecules 157a are oriented so 
that their major-axis directions are In a direction oblique 
to the glass sut)strates 151 and 152. In contrast, as 
shown in FIG. 16, when a voltage V sufficient to change 
the orientations of the liquid crystal molecules 157a is 
applied to between the transparent electrodes 153 and 
154, at least some of the liquid crystal molecules 157a 
change in orientation so that their major-axis directions 
approach a direction perpendicular to the glass sub- 
strates 151 and 152. in this case, liquid crystal mole- 
cules 157a closer to the glass substrate 151 , which has 
no orientation portion 156, are more apt to change in 
orientation. Besides, the number of liquid crystal mole- 
cules 1 57a to change In orientation and the amounts of 
change in orientation increase with increasing voltage V. 
[01 23] When liquid crystal molecules 1 57a change in 
orientation, the angles fonmed between the direction of 
polarization of incident light and the major-axis direc- 
tions of the liquid crystal molecules 157a change. The 
liquid crystal motecules 157a differ in refractive index 
between when the direction of polarization of light pass- 
ing therethrough is parallel to the major-axis directioris 
of the liquid crystal molecules 157a and when it is per- 



pendicular to the same. Thus, light which has passed 
through the liquid crystal layer 157 with a voltage V ap- 
plied has a phase difference from light which has passed 
through the liquid crystal layer 157 with no voltage V 
5 applied. When the voltage V fails within a predetemriined 
range, the phase difference increases with an increase 
In the voltage V. Moreover, when the voltage V is con- 
stant, the phase difference increases with an increase 
in the thickness of the liquid crystal layer 157. Conse- 
co quently, if the thickness of the liquid crystal layer 157 
and the maximum value of the voltage V are set so that 
the maximum phase difference should be n (rad) when 
light passes through the liquid crystal layer 1 57 twice, I. 
e., forward and backward, it is possible to set the phase 
15 difference arisitrarily within a range of 0 to n (rad) by con- 
trolling the voltage V. 

[0124] Through the operation described above, the 
phase spatial light modulator 144 can set the phase of 
the emergent light at any of three or more values pixel 
20 by pixel. 

[0125] Incidentally, the phase spatial light modulator 
144 does not cause a rotation of a direction of polariza- 
tion of light. Thus, when the phase spatial light modula- 
tor 144 is used instead of the phase spatial light modu- 

25 later 44, the polarization beam splitter surface 48a of the 
prism block 48 shown in FIG. 4 is replaced with a semi- 
reflectlrig surface. Altemativety, a quarter-wave plate 
may be provided between the prism block 48 and the 
phase spatial light modulator 144, so that S-poiarized 

30 light from the prism b lock 48 is converted into circularly- 
polarized light by the quarter-wave plate and Incident on 
the phase spatial light modulator 144, and that the cir- 
culariy-polarized light from the phase spatial light mod- 
ulator 1 44 is converted into P-polarized light by the quar- 

35 ter-wave plate and transmitted through the polarization 
beam splitter surface 48a. 

[0126] The phase spatial light modulator capable of 
setting the phase of emergent light at any of three or 
more values pixel by pixel is not limited to the above- 

40 described phase spatial light modulator 1 44 in which liq- 
uid crystal is used, but may be one in which mk:romlrror 
devices are used to adjust the position of the reflecting 
suriace with respect to the traveling direction of incident 
light pixel by pixel. 

45 [0127] As described in the foregoing, in the present 
embodiment, for information recording, the infonnation 
recording layer 3 of the optical infonnation recording 
medium 1 is irradiated with the information light that is 
spatially modulated in phase based on infonnation to be 

50 recorded, and the recording-specific reference light, so 
that the infomiation is recorded on the infonnation re- 
cording layer 3 in the form of an interference pattern re- 
sulting from interference between the information light 
and the recording-specific reference light. For informa- 

55 tion reproduction, the infonnation recording layer 3 is 
irradiated with the reproduction-specific reference light. 
Then, reproduction light thereby generated from the in- 
formation recording layer 3 is superimposed on the re- 
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production-specific reference light to produce compos- 
ite light, and this composite light is detected to repro- 
duce the infomiation. 

[0128] Consequently, according to the embodiment, 
the reproduction light and the reproduction-specific ref- 
erence light need not be separated from each other at 
the time of infonnation reproduction. Then, at the time 
of infonnation recording, it is not necessary that the in- 
formation light and the recording-specific reference light 
form a predetermined angle therebetween when Inci- 
dent on the recording medium. In fact, in the embodi- 
ment, irradiation with the infonnation light, the record- 
ing-specific reference light and the reproduction-specif- 
ic reference light, and collection of the reproduction light 
are perfonned on the same side of the infonnation re- 
cording layer 3 so that the information light, the record- 
ing-specific reference light, the reproduction-specific 
reference light and the reproduction light are arranged 
coaxially. Accordingly, the embodiment allows a com- 
pact configuration of the optical system for recording 
and reproduction. 

[0129] In conventional methods for reproduction, the 
reproduction light and the reproduction-specific refer- 
ence light are separated to detect the reproduction light 
alone. Hence, there has been a problem that the repro- 
duced infonnation deteriorates in S/N ratio if the repro- 
duction-specific reference light is also Incident on the 
photodetector for detecting the reproduction light. On 
the contrary, in the present embodiment, both the repro- 
duction light and the reproduction-specific reference 
light are used to reproduce Infonnation, and therefore 
the S/N ratio of the reproduced information cannot be 
deteriorated by the reproduction-specific reference 
light. Consequently, the present embodiment can im- 
prove the S/N ratio of the reproduced information. 
[0130] In the optical infonnation recording/reproduc- 
ing apparatus according to the embodiment, the optical 
head 40 has the flying-type head body 41 for accommo- 
dating the recording/reproducing optical system. There- 
fore, according to the embodiment, an almost constant 
distance is maintained between the objective lens 50 of 
the recording/reproducing optical system and the optical 
infonnation recording medium 1 , and this eliminates the 
need for focus servo. 

[0131] In the optical Infonnation recording/reproduc- 
ing apparatus according to the embodiment, when the 
phase of tiie information light is set at either of two val- 
ues, the infomiation light and the reproduction light carry 
a single bit of information per pixel. When the phase of 
the information light is set at any of three or more values, 
the infonnation light and the reproduction light are able 
to carry a plurality of bits of information per pixel. For 
example, when the phase of the information light is set 
at any of eight values, the infonnation light and the re- 
production light carry three bits of infonnation per pixel. 
In the information light and the reproduction light, a plu- 
rality of pixels may be used to represent a single piece 
of data. For example, when the ph£ise of the infonnation 



light is set at any of eight values and four pixels repre- 
sent a single piece of data, the four pixels are able to 
represent 1 2 bits of data. 

5 [Second Embodiment] 

[0132] Now, description will be given of an optical in- 
fonnation recording/reproducing apparatus according 
to a second embodiment of the Invention. The present 
embodiment uses recording-specific reference light and 
reproduction-specific reference light that are spatially 
modulated in phase, thereby allowing both multiple re- 
cording by phase encoding multiplexing and reproduc- 
tion of the infonnation multiple-recorded in this way. The 
optical infonnation recording/reproducing apparatus ac- 
cording to the embodiment has the same configuration 
as in the first embodiment. 

[01 33] Next, with reference to FIG. 1 7, description will 
be given of the principle of infonnation recording In the 
optical infonnation recording/reproducing apparatus ac- 
cording to the embodiment, I.e., an optical infonnation 
recording method according to the embodiment. FIG. 17 
shows part of an example of the recording/reproducing 
optical system in the optical infonnation recording/re- 
producing apparatus according to the embodiment. The 
optical system shown in FIG. 1 7 has the same configu- 
ration as In FIG. 1. FIG. 17 Illustrates the phases and 
intensities of incident light on the phase spatial light 
modulator 1 3, emergent light from the phase spatial light 
modulator 13, incident light on the objective lens 11 yet 
to inradiate the optical infonnation recording medium 1 
with, and return iightfrom the optical infonnation record- 
ing medium 1 reflected by the semi-reflecting surface 
12a of the beam splitter 12. in FIG. 1 7, the phases and 
intensities are expressed in the same manner as In FIG. 
1. 

[01 34] When recording information , coherent parallel 

light 21 having a constant phase and intensity is incident 
on the phase spatial light modulator 13. A half area 13A 
of the phase spatial light modulator 1 3 selects the phase 
of emergent light from between two values or from 
among three or more values pixel by pixel based on In- 
formation to be recorded, thereby generating informa- 
tion light 22A that is spatially modulated in phase. Here, 
for ease of explanation, the area 1 3A shall modulate the 
phase of the emergent light spatially by setting the 
phase of the emergent light to eitiier a first phase having 
a phase difference of -k-n/2 (rad) with respect to a pre- 
detennined reference phase or a second phase having 
a phase difference of -n/2 (rad) with respect to the ref- 
erence phase pixel by pixel. Meanwhile, the other half 
area 1 SB of the phase spatial light modulator 1 3 selects 
the phase of the emergent light from between two values 
or from amongthree or more values pixel by pixel, there- 
by generating recording-specific reference light 22B that 
is spatially modulated in phase. Here, for ease of expla- 
nation, the area 138 shall modulate the phase of the 
emergent tight spatially by setting the phase of the emer- 
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gent light at any of the reference phase, the first phase, 
and the second phase pixel by pixel. 
[0135] The infonnation light 22A and the recording- 
specific reference light 22B are incident on the beam 
splitter 1 2. Part of them pass through the semi-reflecting 
surface 12a, and further through the objective lens 11 
to tum into converging Information light 23A and con- 
verging recording-specific reference light 23B, respec- 
tively, with which the optical infomnation recording me- 
dium 1 is irradiated. The infonmation light 23A and the 
recording-specific reference light 23B pass through the 
information recording layer 3, converge to a minimum 
diameter on the interface between the air gap layer 4 
and the reflecting film 5, and are reflected by the reflect- 
ing film 5. information light 24A and recording-specific 
reference light 248 that has been reflected by the re- 
flecting film 5 become divergent light to pass through 
the information recording layer 3 again. 
[0136] In the infomnation recording layer 3, the infor- 
mation light 23A yet to be reflected by the reflecting film 
5 and the recording-specific reference light 248 that has 
been reflected by the reflecting flim 5 interfere with each 
other to fomi an interference pattern, and the infonma- 
tion light 24A that has been reflected by the reflecting 
film 5 and the recording^pecific reference light 238 yet 
to be reflected by the reflecting film 5 interfere with each 
other to fomi an interference pattem. Then, these inter- 
ference pattems are voiumetricaliy recorded in the in- 
fomnation recording layers. 

[0137] The infomnation light 24A and the recording- 
specific reference light 248 having been reflected by the 
reflecting film 5 are emitted from the optical infomriation 
recording medium 1 , and become parallel infonnation 
light 25A and parallel recording-specific reference light 
258 through the objective lens 1 1 . The light 25A and the 
light 258 are Incident on the beam splitter 12. Part of 
them are reflected by the semi-reflecting surface 12a, 
and received by the photodetector 14. 
[0138] Next, with reference to FIG. 18, description will 
be given of the principle of information reproduction in 
the optical Information recording/reproducing apparatus 
according to the embodiment, i.e., an optical infomnation 
reproducing method according to the embodiment. FIG. 
1 8 shows, liice FIG. 1 7, part of an example of the record: 
ing/reprodudng optical system in the optical infomnation 
recording/reproducing apparatus according to the em- 
bodiment. FIG. 18 illustrates the phases and Intensities 
of incident light on the phase spatial light modulator 13, 
emergent light from the phase spatial light modulator 1 3, 
incident light on the objective lens 1 1 yet to in^adiate the 
optical information recording medium 1 with, and retum 
light from the optical information recording medium 1 re- 
flected by the semi-reflecting surface 12a of the beam 
•splitter 12. In FIG. 18, the phases and intensities are 
expressed in the same manner as in FIG. 17. 
[0139] When reproducing information, coherent par- 
allel light 31 having a constant phase and. intensity is 
incident on the phase spatial light modulator 1 3. The half 



area 1 38 of the phase spatial light modulator 1 3 selects 
the phase of the emergent light from between two values 
or from among three or more values pixel by pixel, tKere- 
by generating reproduction-specific reference light 328^ 
5 that is spatially modulated in phase in the same modu- 
lation pattem as that of the recording-specific reference 
light 228. On the other hand, the half area 13A of the 
phase spatial light modulator 1 3 selects the phase of the 
emergent light from between two values or from among 
three or more values pixel by pixel, thereby generating 
reproduction-specific reference light 3282 ^^^^ ^P^~ 
tially modulated In phase In a pattem that is point-sym- 
metric to the modulation pattem of the reproduction- 
specific reference light 328^ about a position of optical 
axis of the optical system that in^adiates the infomnation 
recording layer 3 with the recording-specific reference 
light and the reproduction-specific reference light. 
[01 40] The reproduction-specific reference light 328^ 
and the reproduction-specific reference light 3282 are 
incident on the beam splitter 12. Part of them pass 
through the seml-ref looting surface 12a, and further 
through the objective lens 11 to turn into converging re- 
production-specific reference light 338^ and 3382, ^' 
spectively, with which the optical information recording 
medium 1 is irradiated. The reproduction-specific refer- 
ence light 338^ and the reproduction-specific reference 
light 3382 pass through the infonnation recording layer 
3, converge to a minimum diameter on the interface be- 
tween the air gap layer 4 and the reflecting film 5, and 
are reflected by the reflecting film 5. Having been re- 
flected by the reflecting film 5, the reproduction-specific 
reference light become divergent light to pass through 
the infomnation recording layers again. 
[0141] In the infonmation recording layer 3, the repro- 
duction-specific reference light 3382 yet to be reflected 
by the reflecting film 5 causes reproduction light that 
travels away from the reflecting film 5, while the repro- 
duction-specific reference light 33B2 having been re- 
flected by the reflecting film 5 causes reproduction light 
that travels toward the reflecting film 5. The reproduction 
light traveling away from the reflecting film 5 is emitted 
as-is from the optical Information recording medium 1 . 
The reproduction light traveling toward the reflecting film 
5 is reflected by the reflecting film 5 and emitted from 
tine optical infomnation recording medium 1 . 80th of the 
reproduction light are represented by reference numeral 
34Av 

[0142] In the infonmation recording layer 3, on the oth- 
er hand, the reproduction-specific reference light 338^ 
yet to be reflected by the reflecting film 5 causes repro- 
duction light that travels away from the reflecting film 5, 
while the reproduction-specific reference light 338., hav- 
ing been reflected by the reflecting film 5 causes repro- 
duction light that travels toward the reflecting film 5. The 
reproduction light traveling away from the reflecting film 
5 is emitted as-is from the optical information recording 
medium 1. The reproduction light traveling toward the 
reflecting film 5 is reflected by the reflecting film 5 and 
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emitted from the optical infomiation recording medium 
1 . Both of the reproduction light are represented by ref- 
erence numeral 34A2. 

[0143] Meanwhile, the reproduction-specific refer- 
ence light 33B^ is reflected by the reflecting film 5 and 5 
becomes reproduction-specific reference light 348^ that 
travels In the same direction as the reproduction light 
34A^ does. The reproduction-specific reference light 
33B2 is reflected by the reflecting film 5 and becomes 
reproduction-specific reference light SABg that travels in 
the same direction as the reproduction light 34A2 does. 
[01 44] The reproduction light 34A^ , 34A2 and the re- 
production-specific reference light 34B^, 34B2 are 
turned into parallel reproduction light 35A^, 35A2 and 
parallel reproduction-specific reference light 35B^, 35B2 
through the objective lens 11, respectively, and are in- 
cident on the beam splitter 12. Then, part of them are 
reflected by the semi-reflecting surface 12a and re- 
ceived by the photodetector 14. 
[01 45] Both the reproduction light 35A^ and the repro- 
duction light 35A2 are spatially modulated in phase as 
( the infonnation light for recording. The phase modula- 
tion patterns of the reproduction light 35A^ and the re- 
production light 35A2 are mutually symmetrical with re- 
spect to a point. 

[0146] Composite light produced by superimposing 
the reproduction light 35A^ on the reproduction-specific 
reference light 358^ is incident on a half area of the pho- 
todetector 14. Conrrposite light produced by superim- 
posing the reproduction light 35A2 on the reproduction- 
specific reference light 35B2 is incident on the other half 
area of the photodetector 14. Both of the two types of 
composite light are spatially modulated in intensity ac- 
cording to the infonnation recorded. The intensity mod- 
ulation patterns of the two types of composite light are 
mutually symmetrical with respect to a point. Thus, the 
photodetector 14 can reproduce Information by detect- 
ing a two-dimensional pattern of intensity of one of the 
two types of composite tight. Here, information shall be 
reproduced by detecting the two-dimensional pattern of 
intensity of the composite light produced by superim- 
posing the reproduction light 35 A^ on the reproduction- 
specific reference light 358^. 

[0147] Next, the reproduction light, the reproduction- 
specific reference light, and the composite light men- 
tioned above will be described in detail with reference 
to FIG. 1 9. In FIG. 1 9. (a) shows the intensity of the re- 
production light, (b) the phase of the reproduction tight, 
(c) the intensity of the reproduction-specific reference 
light, (d) the phase of the reproduction-specific refer- 
ence light, and (e) the intensity of the composite light. 
FIG. 1 9 shows an example where the phase of the in- 
formation light is set at either the first phase or the sec- 
ond phase pixel by pixel, and the phases of the record- 
ing-specific reference light and the reproduction-specif- 
ic reference light are set at any of the reference phase, 
the first phase, and the second phase pixel by pixel. In 
this case, the phase of the reproduction light for each 



pixel is either the first phase or the second phase like 
the infonmation light. Consequently, the phase differ- 
ence between the reproduction light and the reproduc- 
tion-specific reference light is any of zero, ±ji/2 (rad), 
and ±11 (rad). Suppose here that the Intensity of the re- 
production light and the intensity of the reproduction- 
specific reference light are equal. In that case, as shown 
in FIG. 19(e), the intensity of the composite light be- 
comes maximum at pixels where the phase difference 
between the reproduction light and the reproduction- 
specific reference light is zero and becomes theoretical- 
ly zero at pixels where the phase difference between the 
reproduction light and the reproduction -specific refer- 
ence light is ±n (rad). At pixels where the phase differ- 
ence between the reproduction light and the reproduc- 
tion-specific reference light is ±a/2 (rad), the intensity 
becomes 1^ that at a zero-phase-difference pixel. In 
FIG. 19(e), the intensity at the pixels where the phase 
difference is ±71 (rad) is represented by "0", the intensity 
at the pixels where the phase difference is ±n/2 (rad) is 
represented by "1 and the Intensity at the pixels where 
the phase difference Is zero is represented by "2". 
[0148] In the example shown In FIG. 17 through FIG. 
1 9, the intensity of the composite light has three values 
for each pixel. Then, for example, the intensity "0" can 
be associated with two bits of data "00", the intensity "1 " 
with two bits of data "01 and the Intensity "2" with two 
bits of data "10" as shown in FIG. 19(e). Thus, In the 
example shown in FIG. 1 7 through FIG. 1 9, the compos- 
ite light can carry an increased amount of infomnation 
with the same intensity and phase of the reproduction 
light as compared to the cases where the intensity of the 
composite light has two values for each pixel as shown 
in FIG. 1 through FIG. 3. As a result, the optical infor- 
mation recording medium 1 can be enhanced In record- 
ing density. 

[0149] Where the phase difference between the re- 
production light and the reproduction-specific reference 
light is expressed as 5, the intensity I of the composite 
light is given by the equation (1) mentioned previously. 
The equation (1) shows that the intensity I of the com- 
posite light varies according to the phase difference be- 
tween the reproduction light and the reproduction-spe- 
cific reference light. Consequently, when the absolute 
value of the phase difference between the reproduction 
light and the reproduction-specific reference light, i.e., 
the absolute value of the phase difference between the 
infonnation light and the reproduction-specific reference 
light, has n values (n is an integer no less than 2) within 
the range of 0 to it (rad), for example, the intensity I of 
the composite light also has the n values. 
[01 50] Meanwhile, when the information light and the 
recording-specific reference light that are spatially mod- 
ulated in phase are used to record information on the 
infomnation recording layer 3 of the optical infomnation 
recording medium 1 as in the present embodiment, the 
phase modulation pattern of the information light is de- 
temiined based on the infonnation to be recorded and 
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the phase modulation pattern of the recording-specific 
reference iight to be used in recording the information. 
This will be described In detail with reference to FIG. 1 9. 
Since the infonnation recorded on the infomnation re- 
cording layers Is reproduced based on the Intensity pat- s 
tern of the composite light, the infonmation to be record- 
ed is converted Into data on a desired intensity pattem 
of the composite light as shown In FIG. 1 9(e). The phase 
modulation pattern of the recording-specific reference 
light is the same as the phase modulation pattem of the 
reproduction-specific reference light as shown in FIG. 
1 9(d). By means of phase calculation using the data on 
the desired intensity pattern of the composite light as 
shown in FIG. 19(e) and the data on the phase modu- 
lation patterns of the, reproduction-specific reference 
light and the recording-specific reference light as shown 
In FIG. 19(d), the phase modulation pattem of the infor- 
mation light is detemnined so as to be the same as or 
point-symmetric to the desired phase modulation pat- 
tem of the reproduction light as shown in FIG. 19(b). 
[01 51 ] The Information recording layer 3 on which in- 
fomnation is recorded by using the information light hav- 
ing the phase modulation pattem detemnined as de- 
scribed above and the recording-specific reference light 
may be irradiated with the reproduction-specific refer- 
ence light having the phase modulation pattem as 
shown in FIG. 19(d), which Is the same as the phase 
modulation pattern of the recording-specific reference 
light. In such a case, composite light having the Intensity 
pattem as shown in FIG. 19(e) is obtained. The infor- 
mation recorded on the infomnation recording layer 3 Is 
reproduced based on the intensity pattem of this com- 
posite light. 

[01 521 The phase modulation patterns of the record- 
ing-specific reference light and the reproduction-specif- 
ic reference Hght may be produced from infomnation 
unique to an Individual who Is a user. Such Infonnation 
unique to an individual includes a personal Identification 
number, a fingerprint, a voiceprint, and an iris pattern. 
In that case, infomnation can be reproduced only by the 
certain individual who recorded the Infomnation on the 
optical infomnation recording nnedium 1 . 
[0153] As has been described, according to the em- 
bodiment, the use of the recording-specific reference 
light and the reproduction-specific reference light that 
are spatially modulated In phase allows both the multiple 
recording by phase encoding multiplexing and repro- 
duction of the information multiple-recorded in this way. 
[0154] The remainder of the configuration, opera- 
tions, and effects of the present embodiment are the 
same as those of the first embodiment. 

[Third Embodiment] 

[01 55] Now, description will be given of an optical in- 
fonmation recording/reproducing apparatus according 
to a third embodiment of the invention, FIG. 20 is a 
cross-sectional view showing an optical head of the op- 



tical Infomnation recording/reproducing apparatus ac- 
cording to the embodiment. The optical information re- 
cording/reproducing apparatus according to the embod- 
iment is provided with an optical head 60 instead of the 
optical head 40 of the first embodiment. The optical 
head 60 has an optical head body 61 for accommodat- 
ing a recording/reproducing optical system, and an ac- 
tuator 62 capable of moving the optical head body 61 in 
a direction perpendicular to the optical infonnation re- 
cording medium 1 and in a direction across the tracks 
of the optical infonnation recording medium 1 within re- 
spective predetermined ranges. The recording/repro- 
ducing optical system In the present embodiment has 
the same configuration as in the first embodiment. 
[0156] In the present embodiment, address infomna- 
tion, tracking error information, and focus servo infor- 
mation are obtained from the output of the photodetector 
45 while a light beam from the objective lens 50 passes 
through the address servo areas 6 of the optical Infor- 
mation recording medium 1 . The method for producing 
the tracking error Information In the present embodiment 
Is the same as in the first embodiment. 
[01 57] Next, reference is made to FIG. 21 to describe 
an example of a method for producing the focus error 
Infonnation in the present embodiment. FIG. 21 is an 
explanatory diagram showing the outline of incident light 
on the llght-recelving surface of the photodetector 45. 
In the method for producing the focus error infonnation 
of this example, the focus error Infonnation Is produced 
based on the size of the outline of the incident light on 
the light-receiving surface of the photodetector 45 in the 
following manner. Initially, in a focused state where the 
light beam from the objective lens 50 converges to a 
minimum diameter on the interface between the air gap 
layer 4 and the reflecting film 5 of the optical Infonnation 
recording medium 1 , the incident light on the light-re- 
ceiving surface of the photodetector 45 shall have the 
outline designated by the reference numeral 70 in FIG. 
21 . If the position at which the light beam from the ob- 
jective lens 50 has the minimum diameter shifts back 
from the interface between the air gap layer 4 and the 
reflecting film 5, the outline of the Incident light on the 
light-receiving surface of the photodetector 45 decreas- 
es in diameter as shown by the reference numeral 71 in 
FIG. 21 . On the other hand, if the position at whbh the 
light beam from the objective lens 50 has the minimum 
diameter shifts fon^ard beyond the Interface between 
the air gap layer 4 and the reflecting film 5, the outline 
of the incident light on the light-receiving surface of the 
photodetector 45 increases in diameter as shown by the 
reference numeral 72 in FIG. 21 . Consequently, a focus 
error signal can be obtained by detecting a signal re- 
sponsive to a change in the diameter of the outline of 
the incident light on the light-receiving surface of the 
photodetector 46, with reference to the focused state. 
Specifically, for example, the focus error signal can be 
produced based on fluctuations in the number of pixels 
corresponding to a bright area in the light-receiving sur- 
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face of the photodetector 45 with reference to the fo- 
cused state. 

[01 58] In present the embodiment, the actuator 62 ad- 
justs the position of the optical head body 61 in a direc- 
tion perpendicular to the optical infomnatlon recording 
medium 1 based on the focus error signal so that the 
light beam is always In the focused state, thereby effect- 
ing focus servo. Moreover, the actuator 62 adjusts the 
position of the optical head body 61 in a direction across 
the tracks based on the tracking error signal so that the 
light beam follows the tracks all the time, thereby effect- 
ing tracking servo. When the light beam passes through 
the data areas 7, neither the focus servo nor the tracking 
servo is performed and the state at the passing of the 
previous address servo area 6 is maintained. 
[0159] The remainder of the configuration, opera- 
tions, and effects of the present embodiment are the 
same as those of the first or second embodiment. 
[01 60] The present invention is not limited to the fore- 
going embodiments but may be modified in various 
ways. For example, in the foregoing embodiments, the 
address infonnatlon and the like are recorded in ad- 
vance In the fomn of emboss pits on the address servo 
areas 6 of the optical information recording medium 1 . 
However, the address infomnatlon and the like may be 
recorded in the following manner without providing the 
emboss pits in advance. In this case, the optk^l infor- 
mation recording medium 1 shall be configured such 
that the infomnatlon recording layer 3 and the reflecting 
film 5 are next to each other without the air gap layer 4. 
Then, in the address servo areas 6 of this optical infor- 
mation recording medium 1, the information recording 
layer 3 Is irradiated with laser light of high output selec- 
tively at a portion closer to the reflecting film 5. The por- 
tion is thereby selectively changed in refractive index so 
that address infomnation and the like are recorded for 
fomiatting. 

[01 61 ] As described in the foregoing, according to the 
optical information recording apparatus or method of the 
invention, infomiation is recorded on the infomnatlon re- 
cording layer of the optical information recording medi- 
um by using the infomnation light that is spatially modu- 
lated in phase based on the Information to be recorded, 
and the recording-specific reference light. Then, accord- 
ing to the invention, when reproducing the infomnatlon, 
the infomnation recording layer is irradiated with the re- 
production-specific reference light, and reproduction 
light thereby generated from the information recording 
layer is superimposed on the reproduction -specific ref- 
erence light to generate composite light. Then, this com- 
posite light is detected to reproduce the infomnation. 
Thus, according to the invention, the reproduction light 
and the rep reduction -specific reference light need not 
be separated from each other for infomiation reproduc- 
tion. In addition, for information recording, the infomna- 
tion light and the recording-speclfte reference light need 
not form a predetemnined angle therebetween when 
they are Incident on the recording medium. The inven- 



tion therefore makes It possible to record infomnation 
through the use of holography and allows a small con- 
figuration of the optical system for recording. Further- 
more, since the invention uses the reproduction light 

5 and the reproduction-specific reference light to repro- 
duce infomnation, the reproduction-specific reference 
light will not cause a deterioration In the S/N ratio of the 
reproduced infomnation. As a result, it becomes possible 
to improve the S/N ratio of the reproduced Infomnation. 

10 [0162] In the optical infomnation recording apparatus 
or method of the invention, the in-adiation with the infor- 
mation light and the recording-specific reference light 
may be perfonned on the same side of the infomnation 
recording layer so that the information light and the re- 

is cording-specific reference light are arranged coaxially. 
In this case, it is possible to attain a smaller configura- 
tion of the optical system for recording. 
[01 63] The optbal information recording apparatus or 
method of the invention may use recording-specific ref- 

20 erence light that is spatially modulated in phase. This 
makes It possible to perfomn multiple recording by phase 
encoding multiplexing. 

[01 64] The optical information recording apparatus of 
the invention may be provided with a flying-type head 

25 body that acconnmodates the information light generat- 
ing means, the recording-specific reference light gener- 
ating means and the recording/i^produclng optical sys- 
tem, and flies over the optical infomnation recording me- 
dium. In this case, it becomes unnecessary to perform 

30 focus sen/o. 

[01 65] According to the opttoal infomnation reproduc- 
ing apparatus or method of the invention, the informa- 
tion recording layer, on which infomnation is recorded in 
the form of an interference pattern resulting from inter- 

35 ference between infomnation light that is spatially mod- 
ulated in phase based on information to be recorded, 
and recording-specific reference light, is inradiated with 
the reproduction-specific reference light, and then re- 
production light thereby generated from the infonmation 

40 recording layer is collected. The reproduction light is su- 
perimposed on the reproduction-specify reference light 
to generate composite light, and this composite light is 
detected. Thus, according to the invention, the repro- 
duction light and the reproduction-specific reference 

45 light need not be separated from each other. The inven- 
tion therefore makes it possible to reproduce informa- 
tion through the use of holography and allows a small 
conflguration of the optical system for reproduction. Fur- 
themnore, since the Invention uses reproduction light 

50 and the reproduction-specific reference light to repro- 
duce information, the reproduction-specific reference 
light will not cause a deterioration in the S/N ratio of the 
reproduced infomnation. As a result, it becomes possible 
to Improve the S/N ratio of the reproduced information. 

55 [0166] In the optical infomnation reproducing appara- 
tus or method of the invention, the irradiation with the 
reproduction-specifte reference light and the collection 
of the reproduction light may be performed on the same 
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side of the information recording layer so that the repro- 
duction-specific reference light and the reproduction 
light are an^anged coaxially. In this case, it is possible to 
attain a smaller configuration of the optical system for 
reproduction. 

[01 67] The optical information reproducing apparatus 
or method of the Invention may use reproduction-spe- 
cific reference tight that is spatially modulated in phase. 
This makes it possible to reproduce information that is 
multiple-recorded by phase encoding multiplexing. 
[0168] The optical infonnation reproducing apparatus 
of the invention may be provided with a flying-type head 
body that accommodates the reproduction-specific ref- 
erence light generating means, the recording/reproduc- 
ing optical system and the detecting means, and flies 
over the optical infomnation recording medium. In this 
case, it becomes unnecessary to perform focus servo. 
[0169] According to the optical information recording/ 
reproducing apparatus or method of the invention, for 
information recording, Infonnation is recorded on the in- 
fonmation recording layer of the optical infonnation re- 
cording medium by using the information light that Is 
spatially modulated in phase based on the infonnation 
to be recorded, and the recording-specific reference 
light. Then, for infonnation reproduction, the information 
recording layer is i radiated with the reproduction-spe- 
cific reference light, and the reproduction light thereby 
generated from the infonnation recording layer is col- 
lected. The reproduction light is superimposed on the 
reproduction-specific reference light to generate com- 
posite light, and this composite light \s detected. Thus, 
according to the invention, the reproduction light and the 
reproduction-specific reference light need not be sepa- 
rated from each other. In addition, for information re- 
cording, the infonnation light and the recording-specific 
reference light need not form a predetemnined angle 
therefc)etween when they are incident on the recording 
medium. The invention therefore makes it possible to 
record and reproduce information through the use of ho- 
lography and allows a small configuration of the optical 
system for recording and reproduction. Furthennore, 
since the invention uses reproduction light and the re- 
production-specific reference light to reproduce infor- 
mation, the reproduction-specific reference light will not 
cause a deterioration in the S/N ratio of the reproduced 
information. As a result, it becomes possible to improve 
the S/N ratio of the reproduced infonnation. 
[0170] In the optical information recording/repiroduc- 
ing apparatus or method of the invention, the irradiation 
with the infonnation light, the recording-specific refer- 
ence light and the reproduction-specific reference light 
and the collection of the reproduction light may be per- 
fonned on the same side of the infonnation recording 
layer so that the infonnation tight, the recording-specific 
reference light, the reproduction-specific reference light 
and the reproduction light are arranged coaxially. In this 
case, it is possible to attain a smaller configuration of 
the optical system for recording and reproduction. 



[0171] The optical infonnation recording/reproducing 
apparatus or method of the invention may use record- 
ing-specific reference light and reproduction-specific 
reference light that are spatially modulated in phase. 
s This makes it possible to perfomn multiplex recording by 
phase encoding multiplexing and to reproduce infonna- 
tion that is thus multiple-recorded. 
[0172] The optical information recording/reproducing 
apparatus of the invention may be provided with a flying- 
type head body that accommodates the infonnation light 
generating means, the recording-specific reference light 
generating means, the reproduction-specific reference 
light generating means, the recording/reproducing opti- 
cal system and the detecting means, and flies over the 
optical infonnation recording medium. In this case, It be- 
comes unnecessary to perfonn focus servo. 
[0173] It is apparent from the foregoing description 
that the invention may be canied out in various modes 
and may be moditied in various ways. It is therefore to 
be understood that within the scope of equivalence of 
the appended claims the invention may be practiced In 
modes other than the foregoing best modes. 



2s Claims 

1. An optical Infonnation recording apparatus for re- 
cording infonnation on an optical information re- 
cording medium having an infonnation recording 

30 layer in which infonnation is recorded through the 
use of holography, the apparatus comprising: 

infonnation light generating means for generat- 
ing infonnation light by spatially modulating a 
35 phase of light based on Infonnation to be re- 

corded; 

recordlng-specifb reference light generating 
means for generating recording-specifk: refer- 
ence light; and 

40 a recording optical system for irradiating the in- 

formation recording layer with the infonnation 
light generated by the information light gener- 
ating means and the recording-specific refer- 
ence light generated by the recording-specific 

45. reference light generating means so that the in- 

formation is recorded in the infonnation record- 
ing layer in the fomri of an interference pattern 
resulting from interference between the infor- 
mation light and the recording-specific refer- 

50 ence light. 

2. An optical information recording apparatus accord- 
ing to claim 1 , wherein the recording optical system 
perfomris the irradiation with the information light 

55 arid the recording-specific reference light on the 
same side of the infonnation recording layer so that 
the information light and the recording-specific ref- 
erence light are arranged coaxially. 
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ence light are arranged coaxially. 

10. An optical Information recording method according 
to claim 8, wherein, in the step of generating the 

5 Infomiatlon light, the phase of the light after the 
modulation is set at either of two values. 

11. An optical information recording method according 
to claim 8, wherein, in the step of generating the 

10 information light, the phase of the light after the 
modulation is set at any of three or more values. 

12. An optical infomriatlon recording method according 
to claim 8, wherein the step of generating the re- 

15 cording-specrfic reference light generates the re- 
cording-specific reference light that is spatially 
modulated in phase. 

13. An optical infonnation recording method according 
^ to claim 12, wherein, in the step of generating the 

infonnation light, the phase of the light is spatially 
modulated in accordance with a phase modulation 
pattem detemiined based on the information to be 
recorded and a phase modulation pattern of the re- 
25 cordlng-speciflc reference light. 



3; An optical infomnation recording apparatus accord- 
ing to claim 1 . wherein the infonnation light gener- 
ating means sets the phase of the light after the 
modulation at either of two values. 

4. An optical infonnation recording apparatus accord- 
ing to claim 1 , wherein the infomnation light gener- 
ating means sets the phase of the light after the 
modulation at any of three or more values. 

5. An optical infonnation recording apparatus accord- 
ing to claim 1 , wherein the recording-specific refer- 
ence light generating means generates the record- 
ing-specific reference light that is spatially modulat- 
ed in phase. 

6. An optical Infonnation recording apparatus accord- 
ing to claim 5, wherein the infomnation light gener- 
ating means spatially modulates the phase of the 
light in accordance with a phase modulation pattem 
detennined based on the infonnation to be recorded 
and a phase modulation pattem of the recording- 
specific reference light. 

7. An optical infonnation recording apparatus accord- 
ing to daim 1 , further comprising a flying-type head 
body that accommodates the infonnation light gen- 
erating means, the recording-specific reference 
light generating means and the recording optical 
system, and flies over the optical infonnation re- 
cording medium. 

8. An optical infonnation recording method for record- 
ing information on an opticai information recording 
medium having an infonnation recording layer in 
which information is recorded through the use of ho- 
lography, the method comprising: 

the step of generating infonnation light by spa- 
tially modulating a phase of light based on in- 
fomnation to be recorded; 
the step of generating recording-specific refer- 
ence light; and 

the recording step in which the infomnation re- 
cording layer is irradiated with the infomnation 
light and the recording-specific reference light 
so that the infonnation is recorded on the infor- 
mation recording layer in the fomi of an Inter- 
ference pattern resulting from interference be- 
tween the infonnation light and the recording- 
specific reference light. 

9. An optical information recording method according 
to claim 8, wherein, in the recording step, the irra- 
diation with the Infomnation tight and the recording- 
specific reference light is performed on the same 
side of the infonnation recording layer so that the 
information light and the recording-specific refer- 



1 4. An optical Infonnation reproducing apparatus for re- 
producing information through the use of hologra- 
phy from an optical infonnation recording medium 

30 having an information recording layer in which in- 
fomnation Is recorded In the fomn of an Interference 
pattern resulting from interference between infor- 
mation light that is spatially modulated in phase 
based on information to be recorded, and record- 

^ . Ing-specific reference light, the apparatus compris- 
ing: 

reproduction-specific reference light generat- 
ing means for generating reproduction-specific 
40 reference light; 

a reproducing optical system for irradiating the 
infonnation recording layer with the reproduc- 
tion-specific reference light generated by the 
reproduction-specific reference light generat- 
es ing means, collecting reproduction light that is 
generated from the information recording layer 
irradiated with the reproduction-specific refer- 
ence light, and generating composite light by 
superimposing the reproduction light on the re- 
50 production-specific reference light; and 

detecting means for detecting the composite 
light generated by the reproducing optical sys- 
tem. 

55 15. An optical infomnation reproducing apparatus ac- 
cording to claim 14, wherein the reproducing optical 
system performs the irradiation with the reproduc- 
tion-specific reference light and the collection of the 
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reproduction light on the same side of the infomna- 
tion recording layerso that the reproduction-specif- 
ic reference ilght and the reproduction light are ar- 
ranged coaxlalty. 

16. An optical infonnation reproducing apparatus ac- 
cording to claim 14, wherein the reproduction-spe- 
cific reference light generating means generates 
the reproduction-specific reference light that is spa- 
tially nrtodulated in phase. 

17. An optical infomnation reproducing apparatus acr 
cording to claim 14, further comprising a flying-type 
head body that accommodates the reproduction- 
specific reference light generating means, the re- 
producing optical system and the detecting means, 
and flies over the optical Information recording me- 
dium. 

18. An optical information reproducing method for re- 
producing infomnation through the use of hologra- 
phy from an opticai infomnation recording medium 
having an information recording layer in which in- 
formation is recorded In the form of an interference 
pattem resulting from Interference between infor- 
mation light that is spatially modulated in phase 
based on infomnation to be recorded, and record- 
ing-specific reference light, the method comprising: 

the step of generating reproduction-specific 
reference light; 

the reproducing step In which the information 
recording layer Is irradiated with the reproduc- 
tion-specific reference Ilght, reproduction light 
that is generated from the infomnation recording 
layer irradiated with the reproduction^pecific 
reference light is collected, and composite Ilght 
is generated by superimposing the reproduc- 
tion light on the reproduction-specific reference 
light; and 

the step of detecting the composite light. 

19. An optical information reproducing method accord- 
ing to claim 18, wherein, in the reproducing step, 
the irradiation with the reproduction-specific refer* 
ence light and the collection of the reproduction light 
are performed on the same side of the infomnation 
recording layerso that the reproduction-specific ref- 
erence light and the reproduction light are arranged 
coaxially. 

20. An optical information reproducing method accord- 
ing to claim 18, wherein the step of generating the 
reproduction-specific reference light generates the 
reproduction-specific reference light that is spatially 
modulated in phase. 

21 . An opticai information recording/reproducing appa- 



ratus for recording information on an optical Infor- 
mation recording medium having an infomnation re- 
cording layer in which Infomnation is recorded 
through the use of holography, and for reproducing 
5 the information from the Infomnation recording me- 
dium, the apparatus comprising: 

infomnation light generating means for generat- 
ing infomnation light by spatially modulating a 
10 phase of light based on infomnation to be re- 

corded; 

recording-specific reference light generating 
means for generating recording-specific refer- 
ence light; 

15 reproduction-specific reference light generat- 

ing means for generating reproduction-specific 
reference light; 

a recording/reproducing optical system for irra- 
, dialing the information recording layer with the 

20 infomnation light generated by the infomnation 

light generating means and the recording-spe- 
cific reference light generated by the recording- 
specific reference light generating means when 
recording information so that the information is 

25 recorded in the information recording layer in 

the fomn of an interference pattem resulting 
from Interference between the information light 
and the recording-specific reference light, and 
Irradiating the infomnation recording layer with 

30 the reproduction-specific reference light gener- 

ated by the reproduction-specific reference 
light generating means, collecting reproduction 
light that is generated from the infomnation re- 
cording layer in^adiated with the reproduction- 

35 specific reference light, and generating com- 

posite light by superinnposing the reproduction 
light on the reproduction-specific reference 
tight when reproducing Information; and 
detecting means for detecting the composite 

40 light generated by the recording/reproducing 

optical system. 

22. An optical infomnation recording/reproducing appa- 
ratus according to claim 21 , wherein the recording/ 

45 reproducing optical system performs the irradiation 
with the information light, the recording-specific ref- 
erence light and the reproduction-specific reference 
light and the collection of the reproduction light on 
the same side of the infomnation recording layer so 

50 that the infomnation light, the recording-specific ref- 
erence light, the reproduction-specific reference 
light and the reproduction light are an^nged coaxi- 
ally. 

55 23. An optical infomnation recording/reproducing appa- 
ratus according to claim 22, wherein: 

the information light generating means, the re- 
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cording-specific reference light generating 
means, and the reproduction-specific refer- 
ence light generating nneans respectively gen- 
erate the information light, the recording-spe- 
cific reference light, and the reproduction-spe- 
cific reference light that are linearly polarized in 
the same direction; and 
the recording/reproducing optical system has: 
a quarter-wave plate for converting the informa- 
tion light and the recording-specific reference 
light from first linearly polarized light to circular- 
ly polarized light to in^diate the infom)ation re- 
cording layer with the same, and converting the 
reproduction light generated from the informa- 
tion recording layer from circularly polarized 
light to second linearly polarized light whose di- 
rection of polarization Is orthogonal to that of 
the first linearly polarized light; and a polariza- 
tion separation opticat element for achieving 
separation between an optical path of the infor- 
mation light, the recording-specific reference 
light, and the reproduction-specific reference 
light yet to pass through the quarter-wave plate 
and an optical path of return light from the op- 
tical infonrnation recording medium that has 
passed through the quarter-wave plate, ac- 
cording to a difference in directions of polariza- 
tion. 

24. An optical information recording/reproducing appa- 
ratus according to claim 21 , wherein the recording- 
specific reference light generating means gener- 
ates the recording-specific reference light that is 
spatially modulated in phase, and the reproduction- 
specific reference light generating means gener- 
ates the reproduction-specific reference light that is 
spatially modulated in phase. 

25. An optical infomnation recording/reproducing appa- 
ratus according to claim 24, wherein the information 
light generating means spatially modulates, the 
phase of the light in accordance with a phase mod- 
ulation pattern determined based on the information 
to be recorded and a phase modulation pattern of 
the recording-specific reference light. 

26. An optical infomnation recording/reproducing appa- 
ratus according to claim 21 , further comprising a fly- 
ing-type head body that accommodates the infor- 
mation light generating means, the recording-spe- 
cific reference light generating means, the repro- 
duction-specific reference light generating means, 
the recording/reproducing optical system and the 
detecting means, and flies over the optical informa- 
tion recording medium. 

27. An optical infonmation recording/reproducing meth- 
od for recording infonmation on an optical informa- 



tion recording medium having an information re- 
cording layer in which Infomnation is recorded 
through the use of holography, and for reproducing 
the infomnation from the Information recording me- 
5 dium, the method comprising: 

the step of generating Infomnation light by spa- 
tially modulating a phase of light based on in- 
fomnation to be recorded; 
10 the step of generating recording-specific refer- 

ence light; 

the recording step In which the infomnation re- 
cording layer is Irradiated with the infomnation . 
light and the recording-specific reference light 
IS so that the infomnation is recorded on the infor- 

mation recording layer in the form of an inter- 
ference pattern resulting from interference be- 
tween the information light and the recording- 
specific reference light; 
20 the step of generating reproduction-specific 

reference light; 

the reproducing step in which the information 
recording layer is in^adiated with the reproduc- 
tion-specific reference light, reproduction light 
25 that is generated from the Infomnation recording 

layer irradiated with the reproduction-specific 
reference light is collected, and composite light 
Is generated by superimposing the reproduc- 
tion light on the reproduction-specific reference 
30 tight; and 

the step of detecting the composite light. 

28. An optical infomnation recording/reproducing meth- 
od according to claim 27, wherein the irradiation 

35 with the infomnation tight, the recording-specific ref- 
erence light and the reproduction-specific reference 
light and the collection of the reproduction light are 
performed on the same side of the information re- 
cording layer so that the infomnation light, the re- 

40 cording-specific reference tight, the reproduction- 
specific reference light and the reproduction light 
are arranged coaxiaily. 

29. An optical information recording/reproducing meth- 
45 od according to claim 27, wherein the step of gen- 
erating the recording-specific reference light gener- 
ates the recording-specific reference light that is 
spatially modulated in phase, and the step of gen- 
erating the reproduction-specific reference light 

50 generates tiie reproduction-specific reference light 
that is spatially modulated in phase. • 

30. An optical information recording/reproducing meth- 
od according to claim 29, wherein, in the step of 

55 generating the infomnation tight, the phase of the 
light is spatially modulated in accordance with a 
phase modulation pattem detemnined based on the 
information to be recorded and a phase modulation 
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